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ABSTRACT
Ouring recent  years the  widespread concern w i th  phys ica l  f i t n e s s  
has r e s u l te d  in phys ica l  e d u c a to r s 1 renewed at tempts to  d e f i n e ,  measure,  
and e s t a b l i s h  standards f o r  v a r io u s  aspects o f  phys ica l  f i t n e s s .  Very 
l i t t l e  d a t a ,  however,  have been repor ted  t h a t  a re  devoted to  s tudy ing  
women's adjustment to  the  s t re s s  o f  a c t i v i t y .
The major  purposes o f  t h i s  i n v e s t i g a t io n  were to  determ ine  the  
in f lu e n c e  o f  leg s t re n g th  on the  performance o f  a th re e -m in u te  c a r d i o ­
v a s c u la r  e f f i c i e n c y  t e s t  and to  study the  r e l a t i o n s h i p  between the  
w eight  o f  women when c l a s s i f i e d  in to  th r e e  weight  groups and t h e i r  
c a r d io v a s c u la r  e f f i c i e n c y .  A secondary purpose was to  i n v e s t i g a t e  
the  r e l a t i o n s h i p  between g i r l s '  ponderal  ind ices  and t h e i r  c a r d io v a s c u la r  
e f f i c i e n c y  scores.
The t o t a l  number o f  s u b jec ts  used was one hundred and n i n e t y -  
e ig h t  women students  e n r o l l e d  in phys ica l  educat ion c lasses  a t  
Lou is iana  S t a t e  U n i v e r s i t y ,  Baton Rouge, Lou is iana .  Twenty- two o f  the  
students  who v o lu n tee red  to  p a r t i c i p a t e  in the study were phys ica l  
educat ion  majors .  The remainder o f  s tudents  who v o lu n tee red  were  
e n r o l l e d  in the bas ic  phys ica l  educat ion  program f o r  women. A l l  sub­
j e c t s  were c l a s s i f i e d  as q u a l i f i e d  f o r  re g u la r  phys ica l  educat ion  
c lasses  by the  Lou is iana  S t a t e  U n i v e r s i t y  Student  H e a l th  S e rv ic e ,
A leg s t r e n g th  t e s t  and a th re e -m in u te  c a r d io v a s c u la r  e f f i c i e n c y  
t e s t  were adm in is te re d  to  the s u b jec ts  on two sep ara te  days. H e ig h t ,  
w e ig h t ,  chest  w id t h ,  and p e l v i c  w id th  o f  the  sub jec ts  were measured.
i x
The c o e f f i c i e n t  o f  c o r r e l a t i o n  was used to  determ ine  the r e l a t i o n ­
sh ip  between c a r d io v a s c u la r  e f f i c i e n c y  and leg s t re n g th  and ponderal  
index f o r  the  t o t a l  group o f  s u b je c ts .  C o e f f i c i e n t  o f  c o r r e l a t i o n  was 
a ls o  used to  determine th e  r e l a t i o n s h i p  between c a r d io v a s c u la r  e f f i c i e n c y  
and leg s t r e n g th  f o r  each o f  the t h r e e  w e ight  groups and a lso  to  
determine the r e l a t i o n s h i p  between c a r d io v a s c u la r  e f f i c i e n c y  and weight  
as w e l l  as h e ig h t  f o r  each o f  the th re e  w e ight  groups. A n a ly s is  o f  
v a r ia n c e  was u t i l i z e d  to determine  the  d i f f e r e n c e  in leg s t re n g th  
between s u b jec ts  who completed the t h r e e -m in u te  s tep  t e s t  and those who
d id  n o t .  A n a ly s is  o f  v a r ia n c e  was a lso  u t i l i z e d  to  determ ine  the
d i f f e r e n c e  in c a r d io v a s c u la r  e f f i c i e n c y  among the th re e  w e ight  groups.  
An a ly s is  o f  v a r ia n c e  was a ls o  used to  determine the  d i f f e r e n c e  in leg 
s t re n g th  among th e  t h r e e  w e ight  groups. Regression was used to  ana lyze  
the r e l a t i o n s h i p  o f  c a r d io v a s c u la r  e f f i c i e n c y  c l a s s i f i c a t i o n s  to  
ponderal index c l a s s i f i c a t i o n s .
As a r e s u l t  o f  the  a n a ly s is  o f  th e  d a ta ,  the  fo l lo w in g  co n c lu ­
sions were drawn:
1. Body b u i l d  and o th e r  f a c t o r s  a re  more im p or tan t ,  from a
c a r d io v a s c u la r  e f f i c i e n c y  p o in t  o f  v iew ,  than the s t re n g th
o f  the  legs.  C a rd iov ascu la r  e f f i c i e n c y ,  however,  is
r e l a t e d  p o s i t i v e l y  to  leg s t r e n g th  f o r  normal w e ight  women.
2. Card iov ascu la r  e f f i c i e n c y  is in v e r s e ly  r e l a t e d  to  excess
w e ig h t .  The more th e  person approximates normal w e ight  or  
underweight  to  a c e r t a i n  p o i n t ,  the  b e t t e r  c a r d io v a s c u la r  
e f f i c i e n c y  w i l l  be. Being overw eight  has a n e g a t iv e
e f f e c t  on c a r d io v a s c u la r  e f f i c i e n c y .
The s t re n g th  o f  the  legs in f luenc es  the  performance on the  
Card iov ascu la r  E f f i c i e n c y  T es t  fo r  G i r l s  and Women.
Card iov ascu la r  e f f i c i e n c y  is r e l a t e d  s i g n i f i c a n t l y  to  
ponderal Index. T h is  r e l a t i o n s h i p  is  not as s i g n i f i c a n t  
w i t h  women who possess a h igh degree o f  c a r d io v a s c u la r  
e f f i c i e n c y  as i t  is w i th  those who re a c t  to  e x e r c is e  less 
e f f i c i e n t l y .  Other f a c t o r s  a p p a r e n t ly  o p e ra te  to  produce 
a high degree o f  c a r d io v a s c u la r  e f f i c i e n c y .
Card iov ascu la r  e f f i c i e n c y  is not  r e l a t e d  to  h e ig h t .
CHAPTER I
INTRODUCTION
I .  CURRENT INTEREST IN CARDIOVASCULAR EFFICIENCY
Physical  f i t n e s s  In I t s  many aspects has long I n t e r e s t e d  phys ica l  
educators .  The recent  widespread concern w i t h  phys ica l  f i t n e s s  has 
r e s u l t e d  in phys ica l  educa tors '  renewed at tem pts  to  d e f i n e ,  measure,  
and e s t a b l i s h  standards f o r  v a r io u s  aspects o f  phys ica l  f i t n e s s .
G a l la g h e r  and Brouha have descr ibed  the t h r e e  pr imary  aspects o f  
phys ica l  f i t n e s s  as f o l l o w s : '
1. Medical  or  s t a t i c  f i t n e s s ,  having to  do w i t h  the  soundness o f
organs o f  th e  body.
2.  Funct iona l  o r  dynamic f i t n e s s ,  which has to  do w i t h  f u n c t io n a l
s t a t u s ,  the a b i l i t y  to do strenuous work,  and p h y s io lo g ic a l
e f f i c i e n c y .
3.  The type  o f  f i t n e s s  which has to  do w i t h  s p e c i f i c  s k i l l s ,
muscle c o o r d in a t io n s ,  and s t r e n g t h .
A good deal o f  research in the  a rea  o f  " f u n c t i o n a l  o r  dynamic 
f i t n e s s "  has been completed,  the  b u lk  o f  which dea ls  w i t h  male s u b je c ts .  
Not u n t i l  Skubic and Hodgkins developed t h e i r  c a r d io v a s c u la r  e f f i c i e n c y  
t e s t  has t h e r e  been a to o l  f o r  s tudy ing  women's adjustment to  the  s t r e s s
' j .  Roswell  G a l la g h e r  and Lucien Brouha, "Dynamic Physica l  F i tn e s s  
in Adolescence,"  Y a le  Journal  o f  B io logy and M e d ic in e . 15 :65 7 -7 0 ,  I9**3.
o f  a c t i v i t y .  These women have developed a v a l i d  and r e l i a b l e  t h r e e -
2
minute  s tep  t e s t  o f  c a r d io v a s c u la r  e f f i c i e n c y  in women. Having te s te d
2 , 3 6 0  women w i th  the  t h r e e -m in u te  step t e s t ,  the  authors  have provided
3
c a r d io v a s c u la r  e f f i c i e n c y  standards f o r  women.
In summarizing t h e i r  f i n d i n g s ,  Skublc  and Hodgkins have s ta te d  
t h a t  1113% o f  the sub jec ts  could not  complete the th r e e -m in u te  t e s t "  and 
"heavy women tend to  score less w e l l  than l i g h t e r  women." T h is  study  
proposes to  in v e s t i g a t e  f u r t h e r  two o f  the  f a c t o r s  which may have had a 
bear ing  upon the  i n a b i l i t y  o f  the  s u b jec ts  to  complete the  th re e -m in u te  
step t e s t :  namely, leg s t r e n g th  and excess w e ig h t .  A b e t t e r  understand­
ing o f  the  v a r i a b i l i t y  o f  females in r e a c t in g  to a c t i v i t y  s t re s s  may 
prov ide  us w i t h  important  in fo rm at ion  f o r  the  development o f  programs 
where t h i s  aspect  o f  f i t n e s s  is an o b j e c t i v e .
11. PURPOSES OF THE STUDY
The major  purposes o f  t h i s  i n v e s t i g a t i o n  were to  determ ine  the  
i n f lu e n c e  o f  leg s t r e n g th  on the  performance o f  a th r e e -m in u te  c a r d i o ­
v a s c u la r  e f f i c i e n c y  t e s t  and to  study the  r e l a t i o n s h i p  between the  
w eight  o f  women when c l a s s i f i e d  in to  th r e e  weight  groups and t h e i r  
c a r d io v a s c u la r  e f f i c i e n c y .  A secondary purpose was to  I n v e s t i g a t e  the  
r e l a t i o n s h i p  between g i r l s '  ponderal  ind ices  and t h e i r  c a r d io v a s c u la r
2
Jean Hodgkins and Vera Skub ic ,  " C a rd io v a s c u la r  E f f i c i e n c y  Tes t  
Scores f o r  C o l lege  Women In the  Un i ted  S t a t e s , "  Research Q u a r t e r l y . 
XXXIV (December, 1963) ,  W .
3e f f i c i e n c y  scores.  S p e c i f i c a l l y ,  t h i s  study proposed to  p rov ide  f u r t h e r  
understanding o f  th e  v a r i a b i l i t y  o f  female  c a r d io v a s c u la r  e f f i c i e n c y  by 
seeking the  answers to  these  th r e e  ques t ions :
1 . Is  t h e r e  a c o r r e l a t i o n  between leg s t re n g th  scores and
c a r d io v a s c u la r  e f f i c i e n c y  scores?
2. Is t h e r e  a s i g n i f i c a n t  d i f f e r e n c e  in leg s t r e n g th  between
women who complete the  th re e -m in u te  s tep  t e s t  and those  
who cannot?
3. What s p e c i f i c  w e ight  f a c t o r s  o th e r  than "heavy" in f lu e n c e
women's c a r d io v a s c u la r  e f f i c i e n c y  scores?
I I I .  DEFINITION OF TERMS
For t h is  study the  f o l l o w in g  d e f i n i t i o n s  o f  terms were used.
C a rd iov ascu la r  e f f i c i e n c y  is  the a b i l i t y  o f  the  h e a r t  and
c i r c u l a t o r y  system to  a d ju s t  to  the  s t r e s s  o f  a c t i v i t y .
Ponderal index is a r a t i o  o f  h e ig h t  and w e i g h t - - a  measure o f  the
c
person 's  achieved mass over  h is  s u r fa c e  a re a .  According to  Sheldon,  
the  s u b je c t ' s  ponderal index is determined by the formula:
H e ig h t_____
3 V Weight
Leg S t re n g th  is the  degree t o  which leg and h ip  extensors  can 
e x e r t  f o r c e  through is o m e t r ic  c o n t r a c t i o n .
Hodgkins and Skubic ,  0 £ .  ci  t . . p.  191.
^ W i l l ia m  H. Sheldon, S. S. S tevens,  and W. B. T u c ker ,  The 
V a r i e t i e s  o f  Human Phvslgues (second e d i t i o n ;  New York: Harper and 
B ro th e rs ,  19^0) ,  pp. 5 ,  265 -266 .
kNormal w e ig h t . Normal weight  su b je c ts  were c l a s s i f i e d  according  
to  Pryor  Wid th-Weight  Tab les .  Subjects  who were from f i v e  per  cent  
underweight  to  f i v e  per cent overweight  were included in the normal 
w eight  c l a s s i f i c a t i o n .
Underwelqht . Sub jec ts  were c l a s s i f i e d  as underweight  according  
to  Pryor Wid th-Weight  T ab les .  Those who were more than f i v e  per  cent  
underweight  were included in the  underweight c l a s s i f i c a t i o n .
O verwe igh t . Overweight sub jec ts  were c l a s s i f i e d  according to
6
Pryor  Width-Weight  T a b le s .  Those who were more than f i v e  per cent  
overweight  were included in the  overw eight  c l a s s i f i c a t i o n .
^Helen B. P ry o r ,  Wid th-Weight  Tab les  (second rev ised  e d i t i o n ;  
S tanford  U n i v e r s i t y ,  C a l i f o r n i a ,  19^0).
CHAPTER I I
REVIEW OF RELATED LITERATURE
R e l a t i v e l y  l i t t l e  has been reported  in the research l i t e r a t u r e  
d e a l i n g  s p e c i f i c a l l y  w i th  the problem involved in t h i s  study.  A 
s u b s ta n t ia l  amount has been re p o r te d ,  however,  p e r t a i n i n g  to  ways and 
means o f  measuring the f a c t o r s  to  be d e a l t  w i th  in the study:  namely,  
leg s t r e n g th ,  h e i g h t ,  w e ig h t ,  and c a r d io v a s c u la r  e f f i c i e n c y  of  women. 
Since the v a l i d i t y  and r e l i a b i l i t y  o f  the study a re  dependent to  q u i t e  
a degree upon the to o ls  used in the study,  i t  seemed important  to
review b r i e f l y  some o f  the most s i g n i f i c a n t  work which has been done
in p e r f e c t i n g  to o ls  and dev ices  used in g a th e r in g  d a ta  r e l a t e d  to  the
f a c t o r s  involved in t h is  study;  such a rev iew  f o l lo w s .
I . MEASUREMENT OF LEG STRENGTH
Logan^ presented a d e s c r ip t i o n  o f  a M od i f ied  Quadrant Assembly,  
a dev ice  f o r  the measurement o f  knee ex tens or  s t re n g th  a t  v a ry in g  
angles in the range o f  motion.  The ins t ru m ent ,  m od i f ied  from a s i m i l a r  
dev ice  reported  by Brewster  o f  England, was descr ibed and i l l u s t r a t e d .  
I n s t r u c t i o n s  f o r  c o n s t r u c t io n  and use were inc luded.
^Gene A. Logan and A i le e n e  Lockhar t ,  " M o d i f ie d  Quadrant Assembly 
f o r  Measuring Is o m e t r ic  Knee Extensor S trength  a t  Se lected A n g le s ,"  
Perceptua l  and Motor S k i l l s , XIV (February ,  1962) ,  35 -3 7 .
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Smith measured the leg s t r e n g th  o f  seventy c o l l e g e  men w i th  a 
convent iona l  leg s t re n g th  dynamometer in a p o s i t io n  designed to invo lve  
the  power th r u s t  o f  the  major  muscle groups used in the v e r t i c a l  jump.
The sub jec ts  then performed a m od i f ied  Sargent Jump t h a t  involved no 
arm snap. Al though the  r e l i a b i l i t y  o f  a l l  measures was h ig h ,  in d iv id u a l  
d i f f e r e n c e s  in the  r a t i o  o f  t e s te d  s t re n g th  to  body mass showed on ly  a 
low and n o n - s l g n t f l e a n t  c o r r e l a t i o n  w i t h  jumping performance.
The c u r r e n t  i n t e r e s t  in iso m et r ic  e x e r c is e  has brought about a 
need f o r  an acc ura te  measuring dev ice  f o r  de te rm in ing  s t r e n g th  o f  
s p e c i f i c  muscle groups. Coach's S p o r t in g  Goods Corporat ion^ has developed  
a s t reng th -m easur ing  dev ice  c a l l e d  the  I s o -S c a le ,  Th is  p a r t i c u l a r  i n s t r u ­
ment can be used in severa l  ways to measure the  s t re n g th  o f  va r io u s  
muscle groups, in c lu d in g  those involved in " s te p "  t e s t i n g .
The I s o -S c a le  can be used to  measure fo rces  from zero to  f i v e  
hundred t e n s i l e  pounds w i t h  a high degree of  accuracy.  The a d a p t a b i l i t y  
o f  t h i s  instrument f o r  la b o ra to ry  use in the measurement o f  leg s t re n g th  
was w e l l - s u i t e d  f o r  the purpose o f  t h i s  research.
I I .  RELATING HEIGHT, WEIGHT AND BODY BUILD
In rev iew ing  t h i s  type o f  research ,  an a t tempt  was made t o  f in d
2
Leon A. Smith ,  " R e l a t io n s h i p  Between Exp los ive  Leg S t reng th  and 
Performance in the V e r t i c a l  Jump," Research Q u a r t e r l y . XXXII  (October ,  
1961 ) ,  4 0 5 -^0 8 .
■a
Coach's S p o r t in g  Goods C o rp o ra t io n ,  P. 0 .  Box 835 ,  Mar ion ,
In d ia n a .
7an instrument  or  procedure t h a t  would p rov ide  the i n v e s t i g a t o r  w i t h  a 
means of  c l a s s i f y i n g  s tudents  as o v e rw e ig h t ,  normal w e ig h t ,  or underweight  
and f u r t h e r  p rov ide  the i n v e s t i g a t o r  w i th  an index o f  the h e ig h t - w e ig h t  
r a t i o  th a t  would g iv e  a measure of  body s u r fa c e .  Concern w i th  the  
n u t r i t i o n a l  s ta tu s  o f  s tudents  has given r i s e  to  the development of  
ta b le s  f o r  c l a s s i f y i n g  students  i n to  o ve rw e ig h t ,  normal ,  and under­
weight  groups.
The e a r l i e s t  methods o f  a p p ra is in g  p h y s ic a l  s ta tu s  were ta b le s
from.which weight  could be p r e d ic te d  on the b a s is  o f  sex, age, and
h e i g h t .  In e s t a b l i s h i n g  these t a b l e s ,  a l a r g e  number of  people o f  the
same sex, age, and h e ig h t  were weighed. The average w e ight  was
computed and recorded as the normal weight  f o r  a i l  persons o f  the
same sex, age, and h e ig h t .  The best  known t a b le s  of  t h i s  type are  the
k
Wood-Baldwin Age-Height -W eight  T a b le s .  One cannot expect  a given  
person to weigh e x a c t ly  the same as a norm computed on the bas is  o f
severa l  thousand people .  Hence, the usual i n t e r p r e t a t i o n  of  such norms
is t j i a t  the person should be w i t h i n  ten to  f i f t e e n  per  cent  of  h is  own 
norm.^
I t  is a t  t imes an e r r o r  to accept  the average as being normal .
The averag ing  o f  a la rge  number o f  weights  r e s u l t s  in one number.
What t h i s  average means in  terms o f  h e a l t h  could be anyone's guess. I t
simply is the best  s i n g l e  score f o r  r e p r e s e n t in g  the group.
Donald K. Mathews, Measurement in Phys i cal  Educat ion (second 
e d i t i o n ;  P h i l a d e l p h i a  and London: W. B. Saunders Company, 1963) ,  
pp. 212 -213 .
'"i b i d . , p . 2 1 3 .
8Cureton^ devised an equat ion  f o r  p r e d i c t in g  proper in d iv id u a l
weight  on the  bas is  o f  the  s k e le t a l  measurements o f  bone, muscle,  and
f a t .  Here a s k e l e t a l  index,  a muscle g i r t h  index,  and an adipose  
t i s s u e  index were combined. Th is  was l a t e r  improved and the r e s u l t s  
were the  fo l lo w in g  formula:
Weight ( l b . )  ■ 9 *0 9  (an k le  g i r t h ,  I n . )  + 5.01 (minimum chest  
g i r t h ,  i n . )  + 4 . 1 2  (h ip  w id t h ,  i n . )  -  249 .55 -  
In s tudying methods o f  weight  p r e d i c t io n  f o r  c o l l e g e  women, 
Ludlum and Powell^ found t h a t  h e i g h t ,  chest  depth ,  and chest  w id th  
were the most e f f e c t i v e  o f  the  items s tu d ie d .  The fo l lo w in g  reg res ­
sion equat ion was o b ta in ed  between these t e s t s  and the weights  o f
1 ,580 women from n ine teen  c o l le g e s  throughout the United  S ta te s :
Weight ■ 2 . 6  (Sum o f  Measurements) -  154 .3 .
The c o e f f i c i e n t  o f  c o r r e l a t i o n  between a c tu a l  and the p r e d ic te d  weights  
was . 7 1 ,  w i th  a p r e d i c t i v e  index o f  . 3 0 .  He ight  c o r r e l a t e d  w i t h  ac tua l  
w e ig h t ,  . 5 7 t w i t h  a p r e d i c t i v e  index o f  .17*  Thus, the new formula  
was found to  be approx im ate ly  tw ic e  as e f f e c t i v e  in p r e d i c t i n g  weight  
as was he igh t  a lone .
A f t e r  an i n te n s iv e  research p r o j e c t  in which the  f a c t o r  a n a ly s is
^Thomas K. Cureton,  Physical  F i tn e s s  A p pra isa l  and Guidance 
( S t .  Louis:  The C. V. Mosby Company, 19^7)» PP  ^ 141-145.
^F. E. Ludlum and E l i z a b e t h  P o w e l l ,  "C h e s t -H e ig h t -W e ig h t  
Tab les  f o r  Co l lege  Women," Research Q u a r t e r l y . XI (October ,  1940) ,
55.
approach was used, McCJoy recommended t h a t  schools use anthropom etr ic  
measurements o f  h e ig h t ,  w e ig h t ,  h ip  w id th ,  chest  c i rcum ference ,  leg 
g i r t h ,  w id th  o f  elbow and knee, and g i r t h s  o f  upper arm, forearm,  and 
th ig h  in p r e d i c t i n g  normal w e ig h t .  He found t h a t  these elements were 
h ig h ly  c o r r e l a t e d  w i th  normal w e ig h t .  I t  was necessary to  make c o r r e c ­
t io n s  in the measurement of  chest  g i r t h  and h ip  width  in r e l a t i o n  to  
d e f i c i e n c y  or  excess o f  f a t .  The c o r r e c t i o n  was based upon measurements
o f  skin and subcutaneous t is s u e  taken w i th  f a t  c a l i p e r s .
9 10Lowman and Young, as w e l l  as Blesh and o th e r s ,  recommend the
use o f  the  Pryor  Width-Weight  Tab les f o r  e v a lu a t i n g  n u t r i t i o n a l  s t a t u s .
P r y o r , m a i n t a i n i n g  th a t  d e te r m in a t io n  of  a p p ro p r ia t e  body 
weight  as an index o f  n u t r i t i o n  should take  i n to  account not  on ly  the  
f a c t o r s  o f  sex, h e i g h t ,  and age, but a ls o  the n a tu r e  of  the bony 
framework and body s t r u c t u r e ,  has devised a t e s t  o f  n u t r i t i o n a l  s ta tu s  
f o r  persons between the ages o f  one and f o r t y - o n e .
Fo l low ing  a study o f  v a r io u s  body measurements t h a t  might be 
used as an index of  body b u i l d ,  the b i - i l i a c  d iam ete r  o r  w idth  o f  the  
p e l v i c  c r e s t  was se le c te d  as the most importan t  and l e a s t  v a r i a b l e
g
Char les  H. McCloy, "A p p ra is in g  Physica l  S ta tus :  The S e le c t io n  
o f  Measurements, S ta te  U n i v e r s i t y  of  Iowa,"  Studies  in Ch i ld  W e l f a r e , 
X I I ,  Iowa C i t y :  S ta te  U n i v e r s i t y  o f  Iowa, 1936.
g
Char les  Leroy Lowman and Carl  Haven Young, Po s tu ra l  F i t n e s s —  
S i g n i f i c a n c e  and Var iances ( P h i l a d e lp h ia :  Lea and F eb ige r ,  I 9 6 0 ) .
'®T.  Erwin Blesh and o t h e r s ,  "The Body Mechanics Program a t  Yale  
U n i v e r s i t y , "  (unpubl ished s tudy ,  Y a le  U n i v e r s i t y ) .
^ H e l e n  B. P ryo r ,  Wid th-Weight  Tab les  (second rev ised  e d i t i o n ;  
S tan fo rd  U n i v e r s i t y ,  C a l i  f o r n i  a ,  19^0) .
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measurement o f  body w id th .  In a d d i t io n  to t h i s  measurement, the  th o r a c ic
w id th  and the  h e igh t  and age o f  the  sub jec t  were recorded.  With  these
d a ta ,  s p e c i a l l y  prepared t a b le s  were used to  determine the  proper weight  
12o f  the  s u b je c t .
The Ponderal Index,  a r a t i o  o f  h e igh t  and w e ig h t ,  has been used 
to  p ro v id e  an i n d ic a t io n  o f  body s u r fa c e .  A f t e r  many years  o f  I n v e s t i g a ­
t i o n ,  Sheldon ' 3 has c l a s s i f i e d  human physiques in to  th re e  major  body 
types:  endomorphic,  mesomorphic,  and ectomorphic.  The f i r s t  s tep  in 
the somatotyping procedure is t h a t  o f  de term in ing  the s u b j e c t ' s  ponderal  
index by the  formula:
Height  
3 / Weight
Sheldon descr ibed  the ponderal index as a measure o f  the person 's  
achieved mass over  h is  s u r fa c e  a re a .  T h is  index g ives  us another  p o in t  
o f  re fe re n c e  in the  study o f  the r e l a t i o n  o f  w e ight  to  c a r d io v a s c u la r  
e f f  ic i  ency .
I I I .  MEASUREMENT OF CARDIOVASCULAR EFFICIENCY
Since 1884, researchers  have been seeking to  f in d  t e s t s  to
14measure muscular and c i r c u l a t o r y  e f f i c i e n c y .  Such t e s t s  a r e ,  f o r  the  
most p a r t ,  a t tempts a t  measuring c e r t a i n  v a r i a b l e s  which r e f l e c t  the  
c o n d i t io n  o f  the c i r c u l a t o r y  system in a d ju s t in g  to  work c o n d i t io n s .
ITW i l l i a m  H. Sheldon, S. S. Stevens and W. B. Tucker ,  l o c . c i  t . 
14
Mathews, 0 |>. c i t . . p. 187.
The involvement o f  the Un i ted  S ta te s  in the recent  wars has promoted much 
research and t e s t  development in t h i s  a rea .  The b u lk  o f  t h i s  research
15
dea ls  w i t h  male s u b je c ts .  According to  Mathews, the  f o l l o w in g  t e s t s  
r e l a t e d  to  c a r d io v a s c u la r  fu n c t io n  have been developed:
1. Ba lke  T read m i11 Tes t
2. Barach Index
3. Burger Tes t
4.  Carlson F a t ig u e  Curve Tes t
5.  Crampton Blood Potos is  Tes t
6 . F o s t e r ' s  Tes t
7. Gallagher and Brouha Test for  G i r l s
8 . G a l la g h e r  and Brouha Tes t  f o r  High School Boys
9.  Harvard Step T es t
10. Pack Tes t
11. Schneider  Tes t
12. Sloan Tes t
13* T u t t l e  P u ls e -R a t io  T e s t .
Three  t e s t s  reported  in the l i t e r a t u r e  were chosen f o r  rev iew  
here p r i m a r i l y  because they were designed f o r  women and a p p a re n t ly  have 
been s u c c e s s fu l ly  used in measuring c a r d io v a s c u la r  e f f i c i e n c y .  P e r t i n e n t  
statements about these t e s t s  f o l l o w .
The Gallagher and Brouha Test fo r  G i r l s ' ^  was devised fo r
l 5 l b l d . . pp. 190-207.
^Roswel l  J. Gallagher and Lucien Brouha, "A Functional  Fi tness  
Test fo r  High School G i r l s , "  Journal o f  Health and Physical Education.
XIV (December, 19^3) ,  517*
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e s t im a t in g  the dynamic phys ica l  f i t n e s s  o f  high school g i r l s .  The t e s t  
was based upon the p r i n c i p l e  t h a t  the  more f i t  a g i r l  i s ,  the  more 
r a p i d l y  w i l l  her  h e a r t  r a t e  r e tu r n  to normal a f t e r  e x e r c is e .  In the  
t e s t ,  the  s u b je c t  stepped up and down on a s i x t e e n - i n c h  p la t fo r m  
t h i r t y  t imes a m in u te .  The s u b je c t  cont inued s tepp ing  as long as she 
could up to  a maximum o f  fo u r  m inutes .  The pu lse  was counted from 1 to  
l i ,  2 to  2 ^,  and 3 to 3 i  minutes a f t e r  the  s u b je c t  f i n i s h e d  the t e s t .
The score was computed by the  form ula :
Physical  F i tn e s s  Score ■ (D u ra t io n  o f  e x e r c is e  in s e c . )  X 100
2 (Sum o f  pu lse  counts)
C l a r k e '^  used the  Brouha m o d i f i c a t i o n  o f  the  Harvard Step Tes t  
as a Funct iona l  Physica l  F i tn e s s  T es t  f o r  C o l lege  Women. In t h i s  t e s t  
an e ig h t e e n - in c h  bench was used and the  e x e r c is e  was cont inued f o r  four  
m inutes .  The remainder o f  the  a d m i n i s t r a t i o n  o f  the  t e s t  was the  same
as the G a l laghe r  and Brouha Te s t  f o r  G i r l s .
18The Sloan Te s t  is a m o d i f i c a t i o n  o f  the  Harvard Step T e s t ,  
s u i t a b l e  f o r  use w i t h  women. In an e f f o r t  to  equate  f i t n e s s  index  
scores between men and women, t h i s  experiment  was conducted to  e s t a b l i s h  
a step h e igh t  f o r  women t h a t  would produce scores e q u iv a le n t  to  those  
o bta ined  w i t h  a tw e n ty - in c h  s tep  f o r  men. The s u b jec ts  stepped up and 
down on an e ig h t e e n - in c h  bench a t  the r a t e  o f  t h i r t y  steps per  m in u te ,  
f o r  a t o t a l  e x e r c is e  per iod  o f  f i v e  minutes or  u n t i l  unable t o  c on t inue
^ H a r r i e t  L. C la r k e ,  "A F u n c t io n a l  Phys ica l  F i tn e s s  Te s t  f o r  
C ol lege  Women," Journal  o f  H e a l th  and Phys ica l  E d u c a t io n . XIV (September,  
1943) ,  3 5 8 -5 9 ,  3 9 4 -9 5 .
18 A. W. S loan ,  "A M o d i f ie d  Harvard Step T e s t  f o r  Women," Journa1 
o f  App l ied  P h y s io lo g y . X IV (November, 1959) ,  985-
the exerc ise .  The remainder o f  the a d m in is tra t io n  of  the te s t  was the 
same as the Gallagher and Brouha Test fo r  G i r l s .  The Fi tness Index 
was computed using the same formula as tha t  employed by these authors 
in t h e i r  o r ig in a l  study.
The l i m i t a t i o n  the th ree  tes ts  discussed above are  c l e a r l y
i d e n t i f i e d .  They are q u i te  lengthy and d i f f i c u l t  to adm in is ter .  The
only other  t e s t  fo r  g i r l s  and women is the recen t ly  developed th re e -
19minute step t e s t  by Skubic and Hodgkins. These authors f i r s t  
made a study to determine whether or  not a three-minute  step te s t  with  
one recovery pulse count is a v a l id  and r e l i a b l e  instrument for  measur­
ing the card iovascu lar  e f f i c i e n c y  o f  women. N in e t y - s ix  females between 
the ages o f  twelve and tw e n ty - f iv e  volunteered to take both the f i v e -  
minute and three-m inute  te s ts .  The ra te  o f  stepping in both tes ts  was 
set a t  tw enty - four  steps per minute on a bench eighteen inches high.
The stepping rhythm was regulated by an e l e c t r i c  metronome. A f te r  one 
minute o f  rest  fo l low ing  e x e rc is e ,  the pulse was taken for  t h i r t y  
seconds. As f a r  as po ss ib le ,  a l l  condit ions were the same fo r  both 
a dm in is tra t ions  o f  the t e s t ,  the only v a r ia b le  being the length of the 
t e s t .  In order to minimize the e f f e c ts  of p r a c t ic e  and lea rn in g ,  some 
subjects were given the f iv e -m in u te  te s t  f i r s t ,  w h i le  others s ta r te d  
with  the three-m inute  t e s t .  The r e s u l t  ob ta ined ,  a c o r r e la t io n  of  
.790 ,  was accepted as s u f f i c i e n t l y  high to j u s t i f y  f u r th e r  study o f  
the three-m inute  t e s t .
19Vera Skubic and Jean Hodgkins, "Cardiovascular  E f f ic ie n c y  Test  
fo r  G i r l s  and Women," Research Q u a r t e r ly . XXXIV (May, 1963) ,  191—198.
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The m od i f ied  th r e e -m in u te  t e s t  was then used to  t e s t  four  groups 
o f  s u b je c ts :
1. T ra ined  g i r l s ,  between e ieven  and seventeen years o f  age.
2.  U n tra ined  g i r l s ,  tw e lve  to  s i x t e e n  years o f  age.
3 .  A c t i v e  women, aged seventeen to t w e n ty - t h r e e .
k .  Sedentary women, seventeen to  t w e n ty - t h r e e  years o f  age.
From t h i s  s tudy ,  Skubic and Hodgkins concluded t h a t :
1. The t h r e e -m in u te  step  t e s t  is s u f f i c i e n t l y  strenuous t o  be
c l a s s i f i e d  as hard work fo r  g i r l s  and women.
2. The t e s t ,  as descr ibed  in the  s tudy ,  d is c r im in a t e s  to a
high degree among sub jec ts  in an e x c e l l e n t  s t a t e  o f  
phys ica l  c o n d i t io n ,  s u b jec ts  who a re  m oderate ly  
a c t i v e ,  and those who a re  sedentary .
3.  T ra ined  swimmers have lower h e a r t  ra te s  dur ing  the
second and t h i r d  minutes o f  e x e r c is e  and dur ing  
recovery than g i r l s  and women who a re  not in a t r a in e d  
c o n d i t io n .
k .  Physica l  educat ion major  s tudents  appear to be h ig h ly  
r e l i a b l e  in checking pulse r a te s  o f  sub jec ts  a f t e r  
exerc  i se.
5.  Age is not a f a c t o r  in the  s tep  t e s t  among females o f
j u n i o r  h igh ,  h igh school ,  and c o l l e g e  age.
6 . The t e s t  is v a l i d  and r e l i a b l e  as an instrument f o r
d e te rm in ing p the  c a r d io v a s c u la r  e f f i c i e n c y  o f  g i r l s  
and women.
21Pursuant to the above-mentioned rese arch ,  Hodgkins and Skubic  
f u r t h e r  in v e s t ig a te d  the  th r e e -m in u te  s tep  t e s t ,  e s t a b l i s h i n g  n a t io n a l  
c a r d io v a s c u la r  e f f i c i e n c y  standards f o r  c o l l e g e  women. A t o t a l  o f
2 0 I b i d . . p.  197.
2 1Hodgkins and Skubic ,  " C a r d io v a s c u la r  E f f i c i e n c y  Tes t  Scores  
f o r  Co l lege  Women in the  Un ited  S t a t e s , "  pp. * + 5 ^ - ^ ! .
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2 ,360  c o I I e g e  women, rep re s e n t in g  a l l  Un ited  S ta te s  geographical  lo ca ­
t i o n s ,  p a r t i c i p a t e d  in th e  fo l lo w -u p  s tudy .  From t h i s  second study ,  
Hodgkins and Skubic concluded t h a t :
1. When ra ted  on a n a t io n a l  s c a le  f o r  c a r d io v a s c u la r  e f f i c i e n c y ,
the  m a j o r i t y  o f  the 2 , 3 6 0  c o l l e g e  women in the  study 
were ra ted  " f a  i r . "
2.  T h i r te e n  per cen t  o f  a l l  sub jec ts  could not complete the
t h r e e -m in u te  step t e s t ,  and the  overwhelming m a j o r i t y  
of  these were in the "poor"  and "ve ry  poor" c a t e g o r ie s .
3.  Subjects  in the Eastern D i s t r i c t  had b e t t e r  c a r d io v a s c u la r
e f f i c i e n c y  scores than su b je c ts  in the o th e r  f i v e  
d i s t r i c t s .  The sub jec ts  in the  Southern D i s t r i c t  made 
poorer scores than sub jec ts  in any o th e r  d i s t r i c t .
4 .  The h e igh t  o f  sub jec ts  does not  a f f e c t  scores on the
step t e s t ,  but th e re  is c l e a r  i n d i c a t i o n  t h a t  heavy 
women tend to  score less w e l l  than l i g h t e r  women.
5. Physical  educat ion majors a re  more f i t  from a c a r d i o ­
va s c u la r  s tandpo in t  than any o th e r  group o f  majors  
s tu d ie d .  The educat ion majors are  less f i t  than most 
o th e r  major  groups . 22
23Skubic and Hodgkins a ls o  used the  t h r e e -m in u te  step  t e s t  in 
a t h i r d  study designed ( 1) to ga ther  t e s t  scores from j u n i o r  and 
se n io r  high school sub jec ts  in o rder  to  p rov ide  standards f o r  g i r l s  
of  secondary school age, ( 2 ) to  compare these r e s u l t s  w i th  those  
o f  c o l l e g e  women, ( 3 ) to  determine whether or  not a i r  tem pera ture  or  
d iu r n a l  v a r i a t i o n s  a f f e c t e d  the  scores,  and (4)  to  compare the  scores  
obta ined  from the  s i x  d i s t r i c t s  o f  the  American A sso c ia t io n  f o r  H e a l t h ,  
Physical  Education and R e crea t io n .  A t o t a l  o f  6 8 6  j u n i o r  high school
2 2 l b t d . . pp. 460 -461 .
23 Vera Skubic and Jean Hodgkins, " C a r d io v a s c u la r  E f f i c i e n c y  
Test  Scores f o r  Jun ior  and Sen io r  High School G i r l s  in the  United  
S t a t e s , "  Research Q u a r t e r l y . XXXV (May, 1964) ,  184-192.
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s tu d e n ts ,  aged n ine  through f o u r te e n ,  and 1 , 3 3 2  h igh school s tu d en ts ,  
aged f i f t e e n  through n in e te e n ,  p a r t i c i p a t e d  in the s tudy.  The j u n i o r  
high school sub jec ts  were e n r o l l e d  in t w e n t y - f i v e  d i f f e r e n t  schools 
d i s t r i b u t e d  throughout the  s i x  d i s t r i c t s  o f  the American A s soc ia t ion  
f o r  H e a l th ,  Physica l  Educat ion and R e c re a t io n .  T h i r t y  h igh schools  
were represented  and these were a ls o  d i s t r i b u t e d  throughout the  s i x  
d i s t r i c t s .
From t h i s  t h i r d  s tudy ,  Skubic and Hodgkins concluded t h a t :
1. A comparison o f  6 8 6  j u n i o r  high school s tudents  w i th
1 , 3 3 2  h igh school s tudents  in d ic a te d  t h a t  the  younger
g i r l s  made s i g n i f i c a n t l y  b e t t e r  scores than the o ld e r
g i r l s  on the c a r d io v a s c u la r  e f f i c i e n c y  t e s t .
2.  When compared w i t h  scores o f  c o l l e g e  women o b ta in ed  in
a prev ious s tudy ,  j u n i o r  h igh school su b je c ts  scored 
s i g n i f i c a n t l y  b e t t e r  than c o l l e g e  women, but th e re  was 
no d i f f e r e n c e  between high school and c o l l e g e  
scores.
3.  Subjec ts  te s te d  in cool tem peratures  (between 5^ F and
65 F) d id  not score  d i f f e r e n t l y  from those sub jec ts  
te s te d  in the warm temperatures  (between 80 F to  
91 F ) .  A very low, i n s i g n i f i c a n t  r e l a t i o n s h i p  was found 
between tem perature  and scores on the  th r e e -m in u te  step  
t e s t .
k .  Tes ts  given a t  four  d i f f e r e n t  t imes dur ing  the  day
revea led  t h a t  the  t im e  o f  t e s t i n g  does not a f f e c t  t e s t  
scores.
5.  Sen io r  high school s tudents  in the C e n tra l  d i s t r i c t
made b e t t e r  scores than s tudents  in any o f  the  o th e r  
f i v e  d i s t r i c t s  o f  the  American A s s o c ia t io n  f o r  H e a l t h ,  
Physical  Education and R e c re a t io n .  In the  j u n i o r  
high school group, s tudents  in the C e n tra l  and Southern  
d i s t r i c t s  made the  best  scores .  At the  c o l l e g e  l e v e l ,  
sub jec ts  in the  Eastern  d i s t r i c t  scored h ig h er  than 
a l 1 o t h e r s . ^
CHAPTER I I I
' PROCEDURE USED IN THE STUDY
The data f o r  t h i s  study were gathered dur ing  the  sp r in g  semester  
o f  the  school year  I963~1964 a t  Lou is iana  S t a t e  U n i v e r s i t y ,  Baton 
Rouge, Lou is iana .
I . SUBJECTS USED
The i n v e s t i g a t o r  e x p la in e d  the  n a tu r e  o f  the  study to  women 
students  e n r o l l e d  in c o n d i t io n in g  e x e r c is e s ,  badminton, t e n n i s ,  and 
swimming c la s s e s ,  which a r e  a p a r t  o f  the  bas ic  phy s ic a l  educat ion  
program a t  Lou is iana  S t a t e  U n i v e r s i t y ,  and a lso  to  a l i m i t e d  number 
o f  women students  m a jo r ing  in phys ica l  ed u ca t io n .  Th is  was done in 
ord e r  to  have a broad sample o f  s u b je c ts .  Students  were asked to  
v o lu n te e r  f o r  p a r t i c i p a t i o n  in t h i s  study.
One hundred n i n e t y - e i g h t  s tudents  vo lu n te e re d  as s u b je c ts .  A l l  
sub jec ts  were c l a s s i f i e d  " q u a l i f i e d  fo r  r e g u la r  phys ica l  edu ca t ion "  by 
the L .S .U .  Student  Hea l th  S e rv ic e .  Ages ranged from e ig h teen  to  
t w e n t y - f i v e  yea rs .  S i x t y - n i n e  o f  the  s u b jec ts  were e n r o l l e d  in c o n d i t io n  
ing e x e r c is e  c la s s e s ,  s e v e n t y - th r e e  were r e g i s t e r e d  fo r  badminton c lasses  
tw en ty - tw o  were e n r o l l e d  in te n n is  c lasse s ;  tw e lve  s tudents  were e n r o l l e d  
in swimming c la s s e s ;  tw en ty - tw o  o f  the s u b jec ts  were m a jo r in g  in phys ica l  
educat ion  and were p a r t i c i p a t i n g  in a v a r i e t y  o f  a c t i v i t i e s  in r e l a t i o n  
to  t h e i r  major  courses.
I I . TESTING THE SUBJECTS
The t e s t s  used in t h i s  study were the leg s t r e n g th  t e s t ,  using
the  I s o - S c a l e , '  and the C a rd io v a s c u la r  E f f i c i e n c y  Test  f o r  G i r l s  and 
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Women. Measurements taken were h e i g h t ,  w e ig h t ,  and chest  and p e l v i c  
w id th .
The i n v e s t i g a t o r  undertook a p re - r e s e a rc h  one-week t e s t i n g  
per iod  to  p e r f e c t  her  own techn ique  f o r  measurements as w e l l  as to  
determ ine th e  r e l i a b i l i t y  o f  her  measuring and t e s t i n g  procedures.  
During t h i s  week the  i n v e s t i g a t o r  used t w e n t y - f o u r  su b je c ts  f o r  t h i s  
purpose. Anthropom etr ic  measures were taken tw ice  f o r  each sub jec t  
and f ig u r e s  were compared u n t i l  the o b ta in e d  f ig u r e s  were the same.
The leg s t r e n g th  t e s t  was a d m in is te re d  t w ic e  f o r  each s u b je c t  and when 
the  scores were compared, i t  was found t h a t  they were e s s e n t i a l l y  the  
same. The c a r d io v a s c u la r  e f f i c i e n c y  t e s t  was adm in is te re d  to each 
su b je c t  i n d i v i d u a l l y ,  having one o t h e r  person w i t h  the i n v e s t i g a t o r  
count ing  the  recovery  pu lse  and record ing  same. P r a c t i c e  in t h i s  
p r e - r e s e a rc h  e x p er ien ce  was cont inued u n t i l  the  i n v e s t i g a t o r ' s  te c h ­
niques were judged to  be p e r fe c te d  to  a s a t i s f a c t o r y  degree.
Sub jec ts  were te s te d  on two sep ara te  days due to  the demands o f  
the  two t e s t s .  On the  f i r s t  day , the  s u b jec ts  were i n s t ru c te d  to  
record personal  in fo rm a t io n  on the research cards ;  an thropom etr ic
^Coach's Sp o r t in g  Goods C o rp o ra t io n ,  P. 0.  Box 835 ,  M ar ion ,
Ind i ana.
2
Skubic and Hodgkins,  " C a r d io v a s c u la r  E f f i c i e n c y  Tes t  f o r  G i r l s  
and Women," pp. 191-198.
measurements were taken and recorded;  the  leg s t r e n g th  t e s t  was a d m in is te r  
ed to each s u b je c t  and scores were recorded.  On the second day, the  
c a r d io v a s c u la r  e f f i c i e n c y  t e s t  was ad m in is te red  to each s u b je c t .  The 
number o f  seconds d u r a t io n  o f  e x e r c is e ,  and t h i r t y - s e c o n d  recovery pu lse  
f o l lo w in g  one-minute  re s t  were recorded f o r  each s u b je c t .
Procedure f o r  F i r s t  Day
A f t e r  the s u b j e c t ' s  personal In fo rm at ion  was recorded,  h e ig h t ,  
w e ig h t ,  c h e s t ,  and p e l v i c  w id th  measurements o f  each were taken .  Then 
the  leg s t r e n g th  t e s t  was ad m in is te red  to  each s u b je c t .
H e ig h t . A s tad iom ete r  and a w a l l  c h a r t  were used to  o b t a i n  the  
h e ig h t  o f  the  s u b je c ts .  Each su b je c t  was measured w i th o u t  shoes,  
having the su b je c t  stand as t a l l  as she could w i t h  her  f e e t  t o g e t h e r ,  
hee ls  on the  f l o o r ,  and w i t h  her  back a g a in s t  the  w a i l  c h a r t .  A 
s tad io m ete r  was p laced on the  s u b j e c t ' s  head and the exact  h e ig h t  o f  
the  sub jec t  was read from the w a l l  c h a r t .  The record was made to  the  
nea re s t  q u a r t e r  o f  an inch.
Wei g h t . The w e ight  o f  each s u b je c t  was o b ta ined  by use o f  medical  
s c a le s .  The su b je c t  wore r e g u la t io n  gymnasium c lo th e s  and stood w i th o u t  
shoes. Weight o f  the  su b jec t  was recorded to  the  n ea re s t  h a l f -p o u n d .
Pondera 1 Index. The h e ig h t - w e ig h t  da ta  were used to determine  
each s u b j e c t ' s  ponderal index by the  formula:
Pondera 1 Index ■ He ight  
3 V  Weight
Chest W id th . The su b je c t  was in s t r u c te d  to  stand r e la x e d ,  to 
brea the  n o r m a l ly ,  w i th  arms a t  the  s id e  o f  the body. The i n v e s t i g a t o r
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faced the su b je c t  w i th  wooden s l i d i n g  c a l i p e r s  he ld  h o r i z o n t a l l y  a t  
n i p p l e  leve l  and w i t h  the arms o f  the c a l i p e r  r e s t i n g ,  w i th o u t  p ressure ,  
on the  sides o f  the  t h o r a c i c  cage.  The measurement was taken a t  the
end o f  a normal e x p i r a t i o n  and recorded to the n ea re s t  te n th  o f  a
c e n t im e te r .  A deduct ion o f  o n e - te n th  o f  a c e n t im e te r  was made l a t e r  
f o r  c l o t h e s .
P e lv i c  W id th . The i n v e s t i g a t o r  stood fa c in g  the  s u b je c t ,  who 
was s tand ing  w i t h  f e e t  t o g e t h e r ,  and measured w i t h  f i r m  pressure  o f  
the  two arms o f  th e  c a l i p e r ,  the  g r e a t e s t  w id th  a t  the  c r e s t  o f  the  
i l iu m .  The arms o f  the  c a l i p e r  were t i l t e d  s l i g h t l y  upward. The 
record was made to  the  neares t  te n th  o f  a c e n t im e te r .  A deduct ion o f
tw o - te n th s  o f  a c e n t im e te r  was made l a t e r  f o r  c lo t h e s .
Weight C l a s s i f i c a t i o n s . The age, h e i g h t ,  w e ig h t ,  c h e s t ,  and 
p e l v i c  w id th  were used to  determ ine  whether  or  not  each su b je c t  was 
normal w e ig h t ,  underweight ,  o r  ove rw e ight  accord ing to  th e  Pryor  
Width-Weight  Char ts .  Weights from f i v e  per cent  underweight to f i v e  
per cent overw eight  were considered to  be w i t h i n  the range o f  normal 
v a r i a t i o n .
Leg S t re n g th  T e s t . The leg s t r e n g th  t e s t  w i t h  the  Is o - S c a le ,  
a s t reng th -m e asur ing  dev ice  which can be used to  measure fo rces  from 
zero to  f i v e  hundred t e n s i l e  pounds, was used to  o b ta in  leg s t re n g th  
scores o f  the  s u b je c ts .  The i n v e s t i g a t o r  exp la in e d  and demonstrated  
the  t e s t  to  the  s u b je c ts ,  then th e  t e s t  was a d m in is te re d  to  each 
s u b je c t  i n d i v i d u a l l y .  The su b je c t  was in s t r u c te d  to  s tand ,  w i t h  the  
f e e t  a p a r t ,  on the  f l a t  p a r ts  o f  the metal  bar and w i t h  the  knees and 
hips f le x e d  a t  30°  ang les w i t h  the v e r t i c a l  l i n e .  A goniometer  w i t h
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two angles, 30° each, represent ing the knees and hips in a f lexed  
p o s i t io n ,  was used to be sure tha t  a l l  subjects were tested w i th  t h e i r  
bodies at  the sane angle. The b e l t  was f ix e d  to one end o f  the metal  
bar, crossed over the lower back o f  the sub jec t ,  adjusted to the height  
of the subject  and then f ixed  to the o ther  end of  the metal bar .  A towel  
was placed on the back of the subject not only to prevent the b e l t  from 
s l id in g  w h i le  the subject performed the te s t  but a lso to  prevent the 
pressure o f  the b e l t  from causing unnecessary pain .  The subject was 
urged to push upward against the b e l t  by c ontra c t ing  the leg and hip  
extensors as hard as she could. The number o f  pounds the subject  was 
able  to push was read from the Iso-Sca le  and recorded. Th is  number was 
m u l t ip l ie d  by two, s ince the subject  pushed against  two b e l t s ,  one from 
each s ide,  and th is  was recorded as the leg s trength score.
Procedure fo r  Second Day
The Cardiovascular E f f ic ie n c y  Test fo r  G i r ls  and Women, developed
3
by Skubic and Hodgkins, was administered to the subjects  to obtain  
t h e i r  card iovascular  e f f ic ie n c y  scores.
Cardiovascular E f f ic ie n c y  T e s t . Th is  te s t  consisted of  continuous  
stepping up and down on a bench e ighteen inches high at  the r a te  of  
twenty- four  steps per minute fo r  three minutes. Students who completed 
the three-minute  durat ion of  exerc ise  rested fo r  one minute in a 
s i t t i n g  p o s i t io n .  Following the completion o f  the one-minute r e s t ,  
recovery pulse was counted fo r  t h i r t y  seconds. For subjects who
stopped p r i o r  to  the th r e e -m in u te  p e r io d ,  the t o t a l  t ime o f  s tepp ing  was
noted,  and they were a l lowed to  r e s t  one minute .  Recovery pulse was
then counted f o r  t h i r t y  seconds. The ac tua l  number o f  seconds the sub jec t
was ab le  to step up and down and recovery  pulse counts were recorded on
the s u b j e c t ' s  research card .  They were converted l a t e r  to  a c a r d io v a s c u la r
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e f f i c i e n c y  score as descr ibed  by Hodgkins and Skubic.
The i n v e s t i g a t o r  adm in is te red  t h i s  t e s t  to  each s u b je c t  i n d i v i d u a l ­
l y .  A metronome was used to  set  the t ime o f  the cadence. The cadence 
was set  a t  n i n e t y - s i x  beats per  minute  to r e g u la t e  the t ime of  s tepp ing .
Two stop watches were used. One was s t a r t e d  s im u ltaneous ly  w i th  the  
s igna l  f o r  the su b jec t  to  s t a r t  per form ing  the t e s t  and stopped e x a c t ly  
a f t e r  th ree  minutes or  when the s u b je c t  could no longer  cont inue  
s tepping  up and down a t  t h a t  cadence. The second watch was s t a r te d  
s im u ltane ous ly  when the f i r s t  watch was stopped, to  t ime the one-minute  
r e s t  and the t h i r t y - s e c o n d  p u ls e -c o u n t in g  i n t e r v a l .  Recovery pulse  
counts were taken by the i n v e s t i g a t o r  a t  the c a r o t i d  a r t e r y  by the  
p a l p a t i o n  method. The au th o r  gave verba l  s ig n a ls  to  s t a r t  and stop  
the  t e s t  and to  he lp  the sub jec t  m a in ta in  the cadence.
Scores f o r  sub jec ts  who f a i l e d  to  f i n i s h  the th r e e -m in u te  t e s t  
were computed by the formula :" ’
Score = No. o f  seconds o f  s tepp ing  X 100 
3 0 - second recovery  pulse X 5 .6
For s u b jec ts  who completed the th re e -m in u te  t e s t ,  a convers ion
Hodgkins and Skubic,  " C a r d i o v a s c u l a r * E f f i c i e n c y  Test  Scores f o r  
C o l leg e  Women in the Un i ted  S t a t e s , "  pp. ^ $6 ,  461 .
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table** was used to  determine the scores. Standards set  in the t a b l e  
were as fo l lo w s :  E x c e l l e n t ,  71 and above; Very Good, 60 -70 ;  Good, 49 -59 ;  
F a i r ,  39-48 ;  Poor, 28 -38 ;  and Very Poor, 0 -27 .
I I I .  STATISTICAL ANALYSIS
The Louis iana S t a t e  U n iv e r s i t y  Computer Research Center was 
u t i l i z e d  to ana lyze  s t a t i s t i c a l l y  the data gathered f o r  t h is  study. The 
raw scores were entered on I .B .M .  score sheets which were used to 
provide  in form at ion  fo r  the  punching o f  I .B .M .  cards .  These cards were 
then used to  compute the f i n a l  r e s u l t s  fo r  t h i s  study.
The product-moment c o e f f i c i e n t  o f  c o r r e l a t i o n  was employed to  
determine the r e l a t i o n s h i p  between c a rd io v a s c u la r  e f f i c i e n c y  and leg 
s t r e n g th ,  and ponderal index. C o e f f i c i e n t  o f  c o r r e l a t i o n  was a lso  used 
to  determine the r e l a t i o n s h i p  between c a rd io v a s c u la r  e f f i c i e n c y  and . 
leg s t ren g th  fo r  each o f  the groups--normal  w e ig h t ,  underweight ,  and 
overweight;  i t  was a lso  used to  determine the r e l a t i o n s h ip  between 
c a rd io v a s c u la r  e f f i c i e n c y  and w e ig h t ,  and he igh t  fo r  the th re e  weight  
groups.
In order  to determine i f  th e re  were s i g n i f i c a n t  d i f f e r e n c e s  in 
leg s t ren g th  between those who completed the th ree -m in u te  s tep  te s t  
and those who could n o t ,  a n a ly s is  o f  va r ia n c e  was used. Analys is  of  
v ar ian ce  was a lso  used to  determine I f  th e re  were s i g n i f i c a n t  d i f f e r ­
ences in c a rd io v a s c u la r  e f f i c i e n c y  among the th re e  weight  groups, and
^ Ib id . . p. 461.
to  de term ine  whether  or  not th e r e  were s i g n i f i c a n t  d i f f e r e n c e s  in leg  
s t r e n g th  among the th r e e  weight  groups.
Regression was used to  a n a ly z e  the  r e l a t i o n s h i p  between c a r d i o ­
v a s c u la r  e f f i c i e n c y  c l a s s i f i c a t i o n s  o f  the  s u b jec ts  to  t h e i r  ponderal  
Index c l a s s i f i c a t i o n s .
CHAPTER IV
ANALYSIS AND PRESENTATION OF THE DATA
In analyzing the da ta ,  c o e f f i c ie n t s  o f  c o r r e la t io n  were computed 
between card iovascular  e f f i c ie n c y  and leg s trength ,  and ponderal index.  
The group was then divided in to  three groups— normal weight, underweight,  
and overweight groups. The subjects were assigned to these groups 
according to Pryor Width-Weight Tables,  using the age, he ight ,  weight,  
chest , and p e lv ic  width data .  Weights from f i v e  per cent underweight 
to f i v e  per cent overweight were considered to be w i th in  the range of  
normal v a r ia t io n s .  C o e f f ic ie n ts  of c o r r e la t io n  were computed between 
card iovascular  e f f i c ie n c y  and leg s trength fo r  each of the three weight  
groups. C o e f f ic ie n ts  o f  c o r r e la t io n  were also obtained between card io ­
vascular e f f i c ie n c y  and weight and height fo r  the three weight groups.
Analysis of variance was used to determine whether or not there  
were s ig n i f i c a n t  d i f fe re n c e s  in leg strength  between those who completed 
the three-minute step te s t  and those who did not complete the te s t .  
Analysis  of  variance was also used to determine whether or not there were 
s ig n i f i c a n t  d i f fe re n c e s  in card iovascular  e f f i c ie n c y  among the three  
weight groups. Analysis of variance was a lso u t i l i z e d  to determine  
whether or not there were s ig n i f i c a n t  d i f fe re n c e s  in leg strength among 
the three weight groups.
An a dd i t ion a l  phase o f  the study involved ra t in g  and c la s s i fy in g  
the groups in to  very good, good, f a i r ,  poor, and very poor categor ies  
based on t h e i r  card iovascu lar  e f f i c ie n c y  scores. These ra t ings  and
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c l a s s i f i c a t i o n s  were based on the n a t io n a l  s tandards f o r  c o l l e g e  women 
developed by Hodgkins and Skub ic . *  For these c l a s s i f i c a t i o n s ,  f i v e  
ponderal index c l a s s i f i c a t i o n s  of  the sub jec ts  were computed. Regression  
was used to  ana lyze  the e x t e n t  o f  the r e l a t i o n s h i p  o f  the c a r d io v a s c u la r  
e f f i c i e n c y  c l a s s i f i c a t i o n s  o f  the sub jec ts  to  t h e i r  ponderal index  
c la s s i  f i c a t i o n s .
I .  TOTAL GROUP ANALYSIS
Using the t o t a l  group d a t a ,  c o e f f i c i e n t s  o f  c o r r e l a t i o n  were 
computed between the scores of  c a r d io v a s c u la r  e f f i c i e n c y  and leg s t re n g th  
and ponderal index.  The c o r r e l a t i o n s  were tes ted  a g a in s t  the n u l l  
hypothesis  to  determine t h e i r  s i g n i f i c a n c e .  Resu l ts  of  these c o r r e l a ­
t ion s  are shown in Tables I and I I .
TABLE I
COEFFICIENT OF CORRELATION OF CARO IOVASCULAR EFFICIENCY 
SCORES AND LEG STRENGTH SCORES FOR ONE HUNDRED 
NINETY-EIGHT COLLEGE WOMEN
Mean o f  C a rd io v a s c u la r  Mean o f  Leg 
E f f i c i e n c y  Scores S t renq th  Scores D .F . r P
^ 7 .2  3 2 6 . 8 196 . 1 9 3  . 0 1
r  needed f o r  . 0 5  l e v e l  was . 1 3 8  and f o r the . 0 1 1 eve 1 , .181
R e la t io n s h ip  o f  C a rd io v a s c u la r  E f f i c i e n c y  to Leg S trenqth
The c o e f f i c i e n t  o f  c o r r e l a t i o n  shown in Tab le 1 between
ca rd io v a s c u la r  e f f i c i e n c y  and leg s t ren g th  was .193 .  For 196 degrees o f  
freedom, c o r r e l a t io n s  o f  . 1 3 8  and . 1 8 1  were needed to r e j e c t  the n u l l  
hypothesis a t  the .05 and .01 l e v e ls  o f  conf idence ,  r e s p e c t iv e ly .  The 
r o f  .193 was th e r e f o r e  found to be s i g n i f i c a n t  a t  the . 0 ) leve l  o f  
conf idence,  and the n u l l  hypothesis  was r e je c te d  acc o rd in g ly .  This  
ind ica ted  a p o s i t i v e  r e l a t i o n s h i p  between c a rd io v a s c u la r  e f f i c i e n c y  
scores and leg s t reng th  scores.
Relat ionship of  Cardiovascular E f f ic ie n c y  to Ponderal Index
As shown in T a b le  I I ,  a c o e f f i c i e n t  o f  c o r r e l a t i o n  o f  .36*+ was 
obta ined between c a rd io v a s c u la r  e f f i c i e n c y  scores and ponderal index 
scores.  The obta ined c o r r e l a t i o n  o f  . 3 6 *+ was h ig h ly  s i g n i f i c a n t  beyond 
the .01 leve l  o f  conf idence ,  and the n u l l  hypothesis  was r e je c t e d .  This  
revealed t h a t  the c a rd io v a s c u la r  e f f i c i e n c y  ra t in g s  were h ig h ly  r e la te d  
to the ponderal index o f  the sub jec ts  in t h is  study.
TABLE I I
COEFFICIENT OF CORRELATION OF CARDIOVASCULAR EFFICIENCY 
SCORES AND PONDERAL INDEX FOR ONE HUNDRED 
NINETY-EIGHT COLLEGE WOMEN
Mean of  Cardiovascular  
Eff ic ie n c y  Scores
Mean of Ponderal 
1 ndex D.F. r P
*♦7.2 1 3 . 0 6 196 .36*+ . 0 1
r needed f o r  . 0 5  l eve l  was . 1 3 7  and f o r  the . 0 1  l e v e l ,  .181 
I I .  ANALYSIS OF DATA BY WEIGHT GROUPS 
The sub jec ts  were d iv id ed  in to  normal w e ig h t ,  underweight ,  and
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overw eight  groups accord ing to  the Pryor  Wid th-Weight  Tab les .  The 
number o f  s u b jec ts  In each group was seven ty -one ,  one hundred t e n ,  and 
seventeen,  r e s p e c t i v e l y .  I t  was s u r p r i s i n g  to  f i n d  the g r e a t e s t  number 
o f  s u b jec ts  in the underweight  group. The i n v e s t i g a t o r  has no exp lan a ­
t io n  f o r  t h i s  f i n d i n g .
The data  were analyzed to  determ ine  the  r e l a t i o n s h i p  between 
c a r d io v a s c u la r  e f f i c i e n c y  and leg s t r e n g th  f o r  each o f  the  t h r e e  weight  
groups. C o e f f i c i e n t  o f  c o r r e l a t i o n  was a lso  used to  determine  the  
r e l a t i o n s h i p  between c a r d io v a s c u la r  e f f i c i e n c y  and weight  and he igh t  
f o r  each o f  the  t h r e e  w e ight  groups. These c o r r e l a t i o n s  were te s te d  
a g a in s t  the  n u l l  hypothesis  to  determine t h e i r  s i g n i f i c a n c e .
Using the  data  fo r  the th re e  w e ight  groups, a n a ly s is  o f  v a r ia n c e  
was employed to  determ ine  whether o r  not t h e r e  were s i g n i f i c a n t  
d i f f e r e n c e s  in c a r d io v a s c u la r  e f f i c i e n c y  scores among the  th r e e  groups.  
A n a ly s is  o f  v a r ia n c e  was a lso  employed to  determ ine  i f  t h e r e  were  
s i g n i f i c a n t  d i f f e r e n c e s  in leg s t re n g th  among the th r e e  groups.
C o e f f ic ie n ts  of  C orre la t ion  o f  Cardiovascular E f f ic ie n c y  and Leg Strength  
fo r  the Three Weight Groups
R e la t  ionsh i p o f  c a r d io v a s c u la r  e f f  ic ie n cy  and leg s t re n q th  f o r  the  
normal w e ight  group. The o b ta ined  c o e f f i c i e n t  o f  c o r r e l a t i o n  shown in 
T a b le  I I I  between c a r d io v a s c u la r  e f f i c i e n c y  and leg s t r e n g th  f o r  the  
normal weiqht  group was .**8 **. For the  s i x t y - n i n e  degrees o f  freedom f o r  
th is  group, c o e f f i c i e n t s  o f  c o r r e l a t i o n  o f  .2 3 4  and .304  were needed to  
i n d i t a t e  s i g n i f i c a n t  r e l a t i o n s h i p s  a t  the  . 0 5  and . 0 1  l e v e l s  o f  c o n f id en c e ,  
r e s p e c t i v e l y .  The r o f  .4 8 4  was, t h e r e f o r e ,  found to  be s i g n i f i c a n t  a t
29
th e  . 0 1  l eve l  o f  c o n f id e n c e ,  and the  n u l l  hypothesis  was r e je c t e d  
a c c o r d in g ly .  Th is  in d ic a te d  e x i s t i n g  p o s i t i v e  r e l a t i o n s h i p  between 
c a r d io v a s c u la r  e f f i c i e n c y  scores and leg s t re n g th  scores f o r  the  normal 
weight  group.
TABLE I 11
COEFFICIENTS OF CORRELATION OF CARDIOVASCULAR EFFICIENCY 
SCORES AND LEG STRENGTH SCORES FOR THREE GROUPS 
OF COLLEGE WOMEN CLASSIFIED AS NORMAL WEIGHT,
UNDERWEIGHT , AND OVERWEIGHT
Group or  
C l a s s i f i c a t i o n
Mean o f  
C.V .E .  Scores
Mean o f  
Leg S t reng th D.F. r P
Normal w e ig h t 47.1 335.1 69 .1*84 . 0 1
Underweight i«S. 6 3 1 5 .5 108 -057
Overweight 39 .1 365 .9 15 .223
For 69 d f ,  r .0 5  -  .234 ;  r .01 -  .304
For 108 d f ,  r  .05  -  .188 ;  r  .01 -  .246  
For 15 d f ,  r .05  -  .**82; r  .01 -  .606
R e la t lo n s h lp  o f  c a r d io v a s c u la r  e f f  ic iencv  and leg s t r e n g th  f o r  
the  underweight  group. As shown in T ab le  I I I ,  the  o b ta in e d  c o e f f i c i e n t  
o f  c o r r e l a t i o n  between c a r d io v a s c u la r  e f f i c i e n c y  and leg s t r e n g th  f o r  
the  underweight group was . 0 5 7 t i n d i c a t i n g  th a t  c a r d io v a s c u la r  e f f i c i e n c y  
scores fo r  the underweight  group o f  c o l l e g e  women were not  r e l a t e d  to  
t h e i r  leg s t r e n g th  scores.
R e la t io n s h ip  o f  c a r d io v a s c u la r  e f f i c i e n c y  and leg s t r e n g th  f o r  
the  overw eight  group. The o b ta in ed  c o e f f i c i e n t  o f  c o r r e l a t i o n  between 
c a r d io v a s c u la r  e f f i c i e n c y  and leg s t r e n g th  f o r  th e  overw e ight  group 
was .223 as shown in T a b le  I I I .  T h is  c o e f f i c i e n t  o f  c o r r e l a t i o n  was
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c o n s id e ra b ly  less than the  r o f  .482  t h a t  Is needed fo r  s i g n i f i c a n c e  a t  
the  .05  le v e l  o f  c o n f id en c e .  Consequent ly ,  a l though  the c o r r e l a t i o n  
was p o s i t i v e ,  i t  can be seen t h a t  the c a r d io v a s c u la r  e f f i c i e n c y  scores  
o f  the  s u b jec ts  in the  overw eight  group were not  s i g n i f i c a n t l y  p ro ­
p o r t io n a l  to  t h e i r  lee  s t r e n g th  scores.
E a r l i e r  In t h i s  c h a p te r ,  i t  was shown t h a t  th e re  was found a 
s i g n i f i c a n t  r e l a t i o n s h i p  between c a r d io v a s c u la r  e f f i c i e n c y  and leg  
s t r e n g th  f o r  the  t o t a l  group o f  su b je c ts  (see T ab le  I ,  page 2 7 ) .  
A p p a r e n t ly ,  the  sub jec ts  in the normal weight  group accounted f o r  most 
o f  t h i s  c o e f f i c i e n t  o f  c o r r e l a t i o n  between the  two v a r i a b l e s .  From the  
fo rego ing  a n a ly s is  o f  the  r e l a t i o n s h i p  o f  c a r d io v a s c u la r  e f f i c i e n c y  and 
leg s t r e n g th  w i t h i n  each w e ight  group, the  evidence suggests t h a t  as the  
i n d i v i d u a l ' s  body b u i l d  d e v ia te s  from the  normal ,  leg s t r e n g th  becomes 
less important  in p r e d i c t i n g  c a r d io v a s c u la r  e f f i c i e n c y  performance and 
o t h e r  f a c t o r s  t h a t  a r e  ass o c ia te d  w i t h  body b u i l d  become in c r e a s in g ly  
more prominent .  In regard to  t h i s  s tu d y ,  i t  is obvious t h a t  excess  
weight  is the  p r i n c i p a l  d e te rm in ing  f a c t o r  and probably  overshadows the  
b e n e f i c i a l  e f f e c t  o f  leg s t r e n g th .
C o e f f ic ie n ts  of C o rre la t io n  o f  Cardiovascular E f f ic ie n c y  and Weight for  
Three Weight Groups.
R e la t io n s h ip  o f  c a r d io v a s c u la r  e f f i c i e n c y  and weiqht  f o r  the  
normal w e ight  group. The c o e f f i c i e n t  o f  c o r r e l a t i o n  o b ta ined  between 
c a r d io v a s c u la r  e f f i c i e n c y  and w e ight  was - . 4 0 3 ,  as shown in T a b le  IV.
In o rd er  to  be s i g n i f i c a n t ,  an r o f  .2 3 4  was needed a t  the  .05 le v e l  o f  
conf idence  and an r o f  .3 0 4  was needed a t  the  . 0 1  le v e l  o f  con f idence .
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The obta ined  c o r r e l a t i o n  o f  - . 4 0 3  was s i g n i f i c a n t  a t  the .01 l e v e l  o f  con 
f id e n c e ,  t h e r e f o r e  the n u l l  hypothesis  was r e j e c t e d .  S ince  the ob ta ined  
c o r r e l a t i o n  was n e g a t iv e ,  t h i s  in d ic a te d  t h a t  the he a v ie r  the  s u b je c t ,  
the  lower the  c a r d io v a s c u la r  e f f i c i e n c y  score ob ta ined  by t h a t  s u b je c t .
TABLE IV
COEFFICIENTS OF CORRELATION OF CARDIOVASCULAR EFFICIENCY AND WEIGHT 
FOR THREE GROUPS OF COLLEGE WOMEN CLASSIFIED AS 
NORMAL WEIGHT, UNDERWEIGHT, AND OVERWEIGHT
Group or  
Class 1f 1 cat ion
Mean of  Mean 
C.V.E.  Scores Weight D.F. r P
Normal Weight 47.1 129.58 69
f^lO1 . 0 1
Underweight 4 8 .6 113.87 108 - . 0 1 8 —
Overwei ght 39.1 152.85 15 - . 4 7 8
For 69 d f ,  r .0 5  -  . 2 3 4 ;  r .01 -  .304  
For 108 d f ,  r  .05  -  .188 ;  r  .01 -  .246  
For 15 d f ,  r  .0 5  ■ .482 ;  r  .01 ■ .606
R e la t  ionsh ip  o f  c a r d io v a s c u la r  e f f  ic iency  and we ight  f o r  the  
underweight group. The o b ta in ed  c o e f f i c i e n t  o f  c o r r e l a t i o n  between 
c a r d io v a s c u la r  e f f i c i e n c y  and weight  fo r  the underweight  group was 
- . 0 1 8 .  As shown In T ab le  IV,  t h i s  c o r r e l a t i o n  was not  s i g n i f i c a n t  and 
th e  n u l l  hypothesis  was not  r e j e c t e d ,  i n d ic a t in g  t h a t  in the underweight  
group, w e ight  d id  not  have any r e l a t i o n s h i p  w i t h  the  c a r d io v a s c u la r  
e f f i c i e n c y  scores o b ta in ed  by these i n d iv id u a ls .
R e la t lo n s h ip  o f  c a r d io v a s c u la r  e f f i c i e n c y  and weiqht  fo r  the  
overw e ight  group. The c o e f f i c i e n t  o f  c o r r e l a t i o n  between c a r d io v a s c u la r  
e f f i c i e n c y  and weight  f o r  the overweight  group was - . 4 7 8 .  For the
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f i f t e e n  degrees o f  freedom for  t h i s  group, shown in Table IV,  c o e f f ic ie n ts  
of c o r re la t io n  o f  .**82 and .606 were needed to indicate  s ig n i f ic a n t  
re la t ionsh ips  at the .05  and .01 levels  of confidence, resp ec t ive ly .  The 
obtained c o r re la t io n  of  -.1+78 did not q u i te  reach s ign i f icance  at the 
.05 level o f  confidence. As shown in Table IV ,  the obtained c o r re la t io n  
fo r  the overweight group was higher than the obtained c o r re la t io n  for  
the normal weight group, but because of the small number o f  subjects in 
the overweight group and the larger  number of  subjects in the normal 
weight group, the c o e f f ic ie n ts  o f  c o r re la t io n  were s ig n i f ic a n t  at the  
.01 level o f  confidence for  the normal weight group and not s ig n i f ic a n t  
at the .05 level o f  confidence fo r  the overweight group. The obtained 
c o r re la t io n  was negative which reaff irmed the indicat ion tha t  persons 
with excess weight tend to be in poorer card iovascular condit ion than 
those whose weight is e i th e r  normal or s l i g h t l y  under normal. The mean 
score for card iovascular e f f ic ie n c y  for  the overweight group was the 
poorest of a l l  the three weight groups. I t  was f e l t  that  use of  a 
la rger  number of subjects in th is  group might have resulted in a s i g n i f i ­
cant negat ive c o r re la t io n  between weight and cardiovascular e f f ic ie n c y  
scores.
C oef f ic ien ts  of Corre lat ion  of Cardiovascular E f f ic ie nc y  and Height for  
the Three Weight Groups
R e la t io n s h ip  o f  c a rd io v a s c u la r  e f f i c i e n c y  and he igh t  f o r  the  
normal weight  group. The obta ined  c o e f f i c i e n t  o f  c o r r e l a t i o n  between 
c a rd io v a s c u la r  e f f i c i e n c y  and he igh t  was - . 0 8 7 .  As shown in Tab le  V, 
t h is  c o r r e l a t i o n  was not found to  be s i g n i f i c a n t  and the n u l l  hypothesis
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was not  r e j e c t e d ,  i n d ic a t in g  t h a t  he igh t  was not r e l a t e d  to  the  scores  
of  c a r d io v a s c u la r  e f f i c i e n c y  f o r  the normal w e ight  group.
TABLE V
COEFFICIENTS OF CORRELATION OF CARDIOVASCULAR EFFICIENCY 
SCORES AND HEIGHT FOR THREE GROUPS OF COLLEGE WOHEN 
CLASSIFIED AS NORMAL WEIGHT, UNDERWEIGHT, AND
OVERWEIGHT
Group or  
C l a s s i f i c a t  ion
Mean o f  
C .V .E .  Scores
Mean
Height D.F. r P
Normal Weight 47.1 65.01 69 - . 0 8 7 - -
Underweight 4 8 . 6 64.51 108 - . 0 8 5 —
Overweight 39.1 6 4 .8 8 15 - . 0 2 6 —
For 69 d f ,  r .0 5  -  .234 ;  r .01 -  . 304  
For 108 d f ,  r  .05  -  .188 ;  r .01 -  .246  
For 15 d f , r  .05  -  .482 ;  r .01 -  .606
R e la t io n s h ip  o f  c a r d io v a s c u la r  e f f i c i e n c y  and h e lq h t  f o r  the  
underweight  group. As shown in T a b le  V, a c o e f f i c i e n t  o f  .085  was 
o bta ined  between c a r d io v a s c u la r  e f f i c i e n c y  scores and h e i g h t ,  showing 
no r e l a t i o n s h i p  between he ig h t  and the  scores made in c a r d io v a s c u la r  
e f f i c i e n c y  by the  underweight group.
R e la t lo n s h ip  o f  c a r d io v a s c u la r  e f f i c i e n c y  scores and h e ig h t  f o r  
the  overw eight  group. The obta ined  c o e f f i c i e n t  o f  c o r r e l a t i o n  between 
c a r d io v a s c u la r  e f f i c i e n c y  scores and h e ig h t  was . 0 2 6 ,  as shown in 
T ab le  V. H e ig h t ,  t h e r e f o r e ,  was not found to  be a f a c t o r  a f f e c t i n g  the  
scores o f  c a r d io v a s c u la r  e f f i c i e n c y  f o r  any o f  the th re e  groups t e s t e d .
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A n a ly s is  of  Var iance  of  C a rd io v a s c u la r  E f f i c i e n c y  Scores Among the Three  
Weight Groups
As shown in Tab le  V I ,  the a n a ly s is  o f  v a r ia n c e  of  c a r d io v a s c u la r  
e f f i c i e n c y  scores among the th re e  weight  groups r e s u l te d  in an F - r a t i o  
o f  11 .33 .  T h is  r a t i o  was found to  be h ig h ly  s i g n i f i c a n t  beyond the .01 
l e v e l  of con f id en c e .  Th is  meant t h a t  a t ru e  d i f f e r e n c e  e x is t e d  among 
the  th ree  groups in c a r d io v a s c u la r  e f f i c i e n c y  scores.
TABLE VI
ANALYSIS OF VARIANCE OF CARDIOVASCULAR EFFICIENCY SCORES 
FOR THREE GROUPS OF COLLEGE WOMEN CLASSIFIED AS NORMAL 
WEIGHT, UNDERWEIGHT, AND OVERWEIGHT
Source o f  Mean
Var i ance_________________ D.F .___________ Squares____________F______________ P
T o ta l  197
Among Groups 02 6 57 .5  11.33 .01
E r ro r  195 58 .0 3
F.0S ’  3-09; F.01 -  i ' - m
F u r th e r  study of  the d a ta  was made to  determ ine  s p e c i f i c a l l y ,  
which group s i g n i f i c a n t l y  d i f f e r e d  from the o th e rs  in  c a r d io v a s c u la r  
e f f i c i e n c y  scores.  With th ree  groups o n ly  two degrees o f  freedom f o r  
comparisons is  a l lo w ed .  T h e re fo r e ,  a n a ly s is  o f  v a r ia n c e  was used to  
compare the  underweight  group w i t h  the normal w e ight  group to  
determ ine  i f  th e re  was a s i g n i f i c a n t  d i f f e r e n c e  in c a r d io v a s c u la r  
e f f i c i e n c y  scores.  Then the scores o f  c a r d io v a s c u la r  e f f i c i e n c y  f o r  
the  underweight  and normal weight  groups were combined and compared 
w i t h  c a r d io v a s c u la r  e f f i c i e n c y  scores o f  the overw eight  group.
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These p a r t i c u l a r  comparisons were made because o f  the  n e g a t iv e  c o r r e l a ­
t io n s  o b ta ined  between weight  and c a r d io v a s c u la r  e f f i c i e n c y  scores.  
Thus, a n a ly s is  o f  v a r ia n c e  was employed to  determine  whether or  not the  
underweight  and normal w e ight  groups s i g n i f i c a n t l y  d i f f e r e d  from the  
overw eight  group in c a r d io v a s c u la r  e f f i c i e n c y  scores.  Resul ts  o f  these  
analyses a re  shown in T a b le  V I I .
TABLE VI I
ANALYSIS OF VARIANCE OF CARDIOVASCULAR EFFICIENCY SCORES FOR THE 
UNDERWEIGHT GROUP VERSUS THE NORMAL WEIGHT GROUP, AND THE 
COMBINATION OF UNDERWEIGHT AND NORMAL WEIGHT VERSUS THE 
OVERWEIGHT GROUP OF COLLEGE WOMEN
Groups
Sources o f  
V ar iance  D.F.
Mean
Sguares F P
Normal Weight  Group 
vs.
Underweight  Group
T o t a l  180 
Among Groups 01 
E rro r  179
93
53-39
1-7** m
Normal and Underweight  
Group vs.  Overweight  
Group
T o t a l  197 
Among Groups 01 
E rro r  196
1222
58.21
20 .99 .01
For 1 and 179 d f ,  
For 1 and 196 d f ,
F .os "  3 - 9 0 ;  F . 0 I  ■ 
F.0S -  3 - 89 i  F. 0 I  -
6 . 7 9
6 .7 6
F - r a t i o  o f  c a r d io v a s c u ia r  e f f i c i e n c v  scores between underweight  
and normal w e ight  groups. A n a ly s is  o f  v a r ia n c e  of  c a r d io v a s c u la r  
e f f i c i e n c y  scores between underweight  and normal weight  groups r e s u l te d  
in an F - r a t i o  o f  1.7**, as in d ic a te d  in T a b le  V I I .  For the  I and 179
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degrees o f  freedom, F - r a t i o s  o f  3 *9 0  and 6 . 7 9  were needed f o r  s i g n i f i c a n c e  
a t  the  .05  and .01 l e v e ls  o f  con f id en c e ,  r e s p e c t i v e l y .  The F - r a t f o  o f  1 .7^  
was t h e r e f o r e  not  s i g n i f i c a n t ,  i n d ic a t in g  no d i f f e r e n c e  between the  
underweight  group and normal w e ight  group on c a r d io v a s c u la r  e f f i c i e n c y .
F - r a t i o  o f  c a r d io v a s c u la r  e f f i c i e n c y  scores between the normal  
and underweight  groups versus the overw eight  group. As shown in Tab le  
V I I ,  page 36 ,  the  a n a ly s is  o f  v a r ia n c e  o f  c a r d io v a s c u la r  e f f i c i e n c y  
scores between the  combined normal and underweight  groups versus the  
overw e ight  group r e s u l t e d  in an F - r a t i o  o f  20 .9 9  in fa v o r  o f  the  normal 
and underweight  groups. For 1 and 196 degrees o f  freedom, F - r a t i o s  o f  
3 .8 9  and 6 . 7 8  were needed f o r  s i g n i f i c a n c e  a t  the . 0 5  and .01 l e v e l s  o f  
c o n f id e n c e ,  r e s p e c t i v e l y .  The o b ta in ed  F - r a t i o  o f  2 0 .9 9  was t h e r e f o r e  
h ig h ly  s i g n i f i c a n t  beyond the . 0 )  le v e l  o f  con f idence .  S ince no s i g n i f i ­
cant  d i f f e r e n c e  was found between the  normal w e ight  and underweight  
groups in c a r d io v a s c u la r  e f f i c i e n c y ,  and the  o b ta ined  F - r a t i o  between 
the  combined normal and underweight  groups versus the  overw eight  group
was h ig h ly  s i g n i f i c a n t ,  i t  can be concluded t h a t  being overweight  has a
s i g n i f i c a n t l y  d e t r im e n ta l  e f f e c t  on c a r d io v a s c u la r  e f f i c i e n c y ,  as 
measured by t h i s  t e s t .
A n a ly s is  o f  Va r iance  o f  Leg Strenqth  Scores Among the  Three Weight Groups
The means o f  leg s t r e n g th  scores f o r  the  th r e e  w e ight  groups were
335*1 f o r  the normal w e ight  group, 3 1 5 - 5  f o r  the  underweight group, and 
3 6 5 .9  f o r  the overw e ight  group. A n a ly s is  o f  v a r ia n c e  o f  leg s t re n g th  
scores among the  t h r e e  w e ight  groups r e s u l t e d  in o b t a i n in g  an F - r a t i o  
o f  1 .65 ,  as shown in T a b le  V I I I .  For 2 and 196  degrees o f  freedom, an 
F - r a t i o  o f  3 .0 9  was needed f o r  s i g n i f i c a n c e  a t  the  . 0 5  le v e l  o f  con f idence .
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The obta ined  F - r a t i o  o f  1 .6 5 ,  t h e r e f o r e ,  was not  s i g n i f i c a n t  which means
t h a t  no t r u e  d i f f e r e n c e  e x i s t e d  among th e  th r e e  groups in ieg s t re n g th  
scores.  No f u r t h e r  a n a ly s is  was needed.
TABLE V I I I
ANALYSIS OF VARIANCE OF LEG STRENGTH SCORES FOR THREE
GROUPS OF COLLEGE WOMEN CLASSIFIED AS NORMAL 
WEIGHT, UNDERWEIGHT, AND OVERWEIGHT
Source o f Mean
Var iance D.F . Sauares F P
T o ta l 197
Among Groups 02 221*90.5 1.65 4* «
E r r o r 195 13628.28
F.05  ■ 3 0 9 : F.01  -  “ • 8 “
I t  was beyond the realm o f  t h i s  study to  s p e cu la te  as to  whether  
s i g n i f i c a n t  d i f f e r e n c e s  might  have been found among the  groups had the  
numbers o f  s u b jec ts  in the  groups been comparable.  I t  would seem 
lo g ic a l  t h a t ,  g e n e r a l l y  speaking ,  the  l a r g e r  the person,  the more leg  
s t r e n g th  t h a t  i n d iv id u a l  would possess. I t  was found t h a t  the  overweight  
group had the  l a r g e s t  mean in leg s t r e n g t h ,  which was 365*9 .  The 
normal w e ight  group had th e  next  l a r g e s t  mean o f  leg s t r e n g t h ,  which  
was 3 3 5 * 1 ,  and the  underweight  group had the  lowest mean o f  leg s t r e n g t h ,  
which was 315*5*  I t  would seem reasonable  to  assume t h a t  s i g n i f i c a n t  
d i f f e r e n c e s  in leg s t r e n g th  among the t h r e e  w e ight  groups would have 
been found i f  th e  number o f  s u b je c ts  in each group had been e q u a l .
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I I I .  COMPARISON OF LEG STRENGTH OF SUBJECTS COMPLETING 
AND NOT COMPLETING STEP TEST
The data  were analyzed to determine whether or  not there  was a 
s i g n i f i c a n t  d i f f e r e n c e  in leg s t re n g th  between the group t h a t  completed  
the  th re e -m in u te  step t e s t  and the group t h a t  d id  n o t .  Ana lys is  o f
v a r ian ce  was used to  determine i f  th e re  was s i g n i f i c a n t  d i f f e r e n c e
between the leg s t ren g th  means o f  the  two groups. Results  o f  t h is
an a lys is  of  va r ia n c e  are  shown in T ab le  IX.
TABLE IX
ANALYSIS OF VARIANCE OF LEG STRENGTH SCORES FOR COLLEGE WOMEN 
SUBJECTS WHO COMPLETED THE THREE-MINUTE STEP TEST AND
THOSE WHO DID NOT
Source o f  
Variance D.F.
Mean
Sauares F P
Tota l 197
Among Groups 01 167280 12.93 .01
Error 196 12935
F .0 5  ‘  3 ' 89 ;  F . 0 I ■ 6 76
F - r a t i o  o f  leg s t ren q th  between the  group t h a t  completed the  
th re e -m in u te  step  t e s t  and the group t h a t  did n o t . The number o f  
sub jec ts  in the  group th a t  completed the th re e -m in u te  step t e s t  was 
one hundred s i x t y -s e v e n .  The mean o f  leg s t ren g th  f o r  t h i s  group was 
3 3 9 .3 -  The number o f  sub jec ts  in the 'group th a t  d id  not complete the  
th re e -m in u te  s tep  t e s t  was t h i r t y - o n e ,  and the  mean o f  leg s t ren g th  
f o r  t h is  group was 2 5 9 -^ .
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As shown in Tab le  IX ,  page 38,  the  F - r a t i o  of  leg s t ren g th  f o r  the 
group t h a t  completed the th re e -m in u te  step t e s t  and the group t h a t  d id  
not  was 12.93 in  f a v o r  o f  the  sub jec ts  complet ing  the t e s t .  For the 
degrees o f  freedom shown, F - r a t i  os of  3 .8 9  and 6 . 7 6  were needed f o r  
s i g n i f i c a n c e  a t  the  .0 5  and .01 l e v e ls  o f  con f idenc e ,  r e s p e c t i v e l y .  
T h e re fo r e ,  the F - r a t i o  o f  12.93 was found to  be h ig h ly  s i g n i f i c a n t  beyond 
the .01 le v e l  o f  c o n f id e n c e .  Thus, the sub jec ts  who completed the t h r e e -  
minute  step t e s t  were s i g n i f i c a n t l y  s t ro n g e r  in leg s t re n g th  than the  
s u b jec ts  who could not complete the t e s t .
IV .  ANALYSIS OF DATA BY CARDIOVASCULAR EFFICIENCY RATINGS
The s u b jec ts  were d iv id e d  in to  f i v e  c l a s s i f i c a t i o n s  according to  
t h e i r  c a r d io v a s c u la r  e f f i c i e n c y  scores.  These c l a s s i f i c a t i o n s  were:
Very Good, Good, F a i r ,  Poor,  and Very Poor,  as determined by the
2
n a t io n a l  standards f o r  c o l l e g e  women developed by Hodgkins and Skubic.
For these c l a s s i f i c a t i o n s ,  f i v e  ponderal index c l a s s i f i c a t i o n s  o f  the 
sub jec ts  were a ls o  computed. I t  was decided t o  use regress ion  to  ana lyze  
the r e l a t i o n s h i p  o f  the c a r d io v a s c u la r  e f f i c i e n c y  c l a s s i f i c a t i o n s  o f  the  
sub jec ts  to  t h e i r  ponderal index c l a s s i f i c a t i o n s  in o rd er  to  p rov ide  a
3
more graph ic  i l l u s t r a t i o n .  Orthogonal polynomia ls  from F is h e r  and Yates  
were u t i l i z e d  to  determ ine  the n a tu r e  o f  the regress ion  l i n e .  The 
orthogonal  polynomials  t h a t  were used a re  as f o l lo w s :
2
Hodgkins and Skubic ,  " C a r d io v a s c u la r  E f f i c i e n c y  Test  Scores f o r  
C o l le g e  Women in  the Un i ted  S t a t e s , "  p.  *+6l.
3
Ronald A. F is h e r  and Frank Y a tes ,  S t a t i s t i c a l  Tab les  f o r  
B i o l o g i c a l . A q r i c u l t u r a l . and Medical  Research { f i f t h  e d i t i o n ,  rev ised  
and e n la rg e d ;  New York: Hafner  P u b l is h in g  Co . ,  1957) .  P* 90 .
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Very Poor Poor Fai r  Good Very Good
Comparison I - 2  - 1 0  +1 +2
( L in e a r )
Comparison 2 +2 - 1 - 2  -1 +2
(Q u a d ra t ic )
The regress ion  was f i r s t  t e s te d  f o r  l i n e a r i t y  and was found to  
be s i g n i f i c a n t l y  l i n e a r  a t  th e  .05  le v e l  o f  con f idenc e .  The sum o f  
squares o f  t h i s  comparison was then su b t ra c te d  from the  t rea tm ent  sum 
o f  squares in o rd er  to  f i n d  whether the  regress ion  curve had o t h e r  
c h a r a c t e r i s t i c s  or  whether  i t  was w h o l ly  l i n e a r .  The next  s tep  was to  
see whether th e  l i n e  was q u a d r a t i c  and an F t e s t  revea led  t h a t  I t  was 
s i g n i f i c a n t l y  o f  t h i s  n a t u r e ,  a t  the  .01 le v e l  o f  con f idenc e .  By 
s u b t r a c t i n g  the  combined sum o f  squares o f  the  l i n e a r  and q u a d r a t i c  
computat ions,  i t  was found t h a t  these two t re a tm e n ts  had accounted f o r  
n e a r ly  a l l  o f  the  t re a tm e n t  sum o f  squares and t h e r e f o r e  no f u r t h e r  
t e s t s  were made. The r e s u l t a n t  p l o t t i n g  o f  t h e  regress ion  l i n e  o f  
the  r e l a t i o n s h i p  o f  a s u b j e c t ' s  ponderal  index w i t h  her  c a r d io v a s c u la r  
e f f i c i e n c y  index is  shown in Chart I .
I t ,  can be seen t h a t  t h e r e  is  a r a t h e r  ra p id  corresponding  
increase  in c a r d io v a s c u la r  e f f i c i e n c y  scores w i t h  an increase  in the  
ponderal  index o f  th e  s u b je c ts .  T h is  r i s e  con t inues  up to  the  “ good" 
ca tegory  in c a r d io v a s c u la r  e f f i c i e n c y  r a t i n g .  Then i t  can be observed  
t h a t  t h e r e  is  a s l i g h t  drop in the  reg res s io n  l i n e  from the  "good" to  
the  " v e r y  good" r a t in g s  o f  s tep  t e s t  performance w i t h  the  h ighes t  
ponderal index.
G e n e ra l ly  speaking ,  the  h ig h er  th e  ponderal index,  the  more 
ectomorphic is th e  person, o r  s t a t e d  another  way, the  more the p erso n 's
CHART I
RELATIONSHIP OF CARDIOVASCULAR EFFICIENCY CLASSIFICATIONS OF 
ONE HUNDRED NINETY-EIGHT COLLEGE WOMEN TO THEIR 
PONDERAL INDEX CLASSIFICATIONS
Ponderal
Index
13.0
V.G.V.P. P. F. G.
C a rd io v a s c u la r  Ra t ing
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physique tends away from endomorphy. T h e re fo r e ,  aga in  i t  can be observed 
t h a t  the  more excess w e ight  the person c a r r i e s ,  the more d e t r im e n ta l  
t h i s  weight  is  to  her  c a r d io v a s c u la r  e f f i c i e n c y .
The noted drop in the reg res s io n  l i n e  of  the h ig h es t  ponderal  
in d ic e s  w i t h  h ighes t  c a r d i o v a s c u l a r  e f f i c i e n c y  r a t in g s  might  be exp la ined  
in one o f  severa l  ways. I t  might be t h a t  the number o f  su b je c ts  in the  
extreme ranges o f  the two sca les  was too small  to  be considered t ru e  
r e p r e s e n t a t io n  o f  the p o p u la t io n .  Perhaps o th e r  f a c t o r s  such as s t r e n g t h ,  
muscular endurance, genera l  p h y s ic a l  f i t n e s s ,  and e x e r c is e  are more 
im portan t  in the " v e r y  good" step t e s t  performances than mere body b u i ld  
c h a r a c t e r i s t i c s  represented  by the ponderal index.  Or,  i t  may a ls o  be 
t h a t  th e re  is  a p o i n t  o f  d im in is h in g  r e t u r n s ,  or optimum ponderal index,  
beyond which s u b jec ts  approaching extreme ectomorphy lack  s t re n g th  and 
genera l  phys ica l  f i t n e s s  which r e s u l t s  in poorer  step t e s t  scores.
CHAPTER V
SUMMARY 
I . PURPOSES AND PROCEDURE
The major  purposes o f  t h i s  i n v e s t i g a t i o n  were to  determ ine  the  
i n f lu e n c e  o f  leg s t r e n g th  on the  performance o f  a th r e e -m in u te  c a r d i o ­
v a s c u la r  e f f i c i e n c y  t e s t  and to study the  r e l a t i o n s h i p  between the  
weight  o f  women when c l a s s i f i e d  in to  th r e e  weight  groups and t h e i r  
c a r d io v a s c u la r  e f f i c i e n c y .  A secondary purpose was t o  i n v e s t i g a t e  the  
r e l a t i o n s h i p  between g i r l s '  ponderal  ind ices  and t h e i r  c a r d io v a s c u la r  
e f f i c i e n c y  scores.  S p e c i f i c a l l y ,  t h i s  study proposed to  p ro v id e  f u r t h e r  
understanding o f  th e  v a r i a b i l i t y  o f  female  c a r d io v a s c u la r  e f f i c i e n c y  by 
seeking the  answers to  these t h r e e  ques t ions :
1. Is t h e r e  a c o r r e l a t i o n  between leg s t r e n g th  scores and
c a r d io v a s c u la r  e f f i c i e n c y  scores?
2. Is t h e r e  a s i g n i f i c a n t  d i f f e r e n c e  in leg s t r e n g th  between
women who complete the  th r e e -m in u te  step t e s t  and those
who cannot?
3. What s p e c i f i c  w e ight  f a c t o r s  o t h e r  than "heavy" in f lu e n c e
women's c a r d io v a s c u la r  e f f i c i e n c y  scores?
One hundred and s e v e n t y - s ix  c o l l e g e  women e n r o l l e d  in c o n d i t i o n ­
ing e x e r c is e s ,  badminton, t e n n i s ,  and swimming c lasses  which a re  a p a r t  
o f  the  bas ic  phys ica l  educat ion  program a t  Lou is iana  S t a t e  U n i v e r s i t y ,  
and twen ty - two  women s tudents  m a jo r ing  in phy s ic a l  educat ion served as 
su b je c ts  f o r  t h i s  s tudy .  The l a t t e r  group p a r t i c i p a t e d  in a v a r i e t y  o f  
phys ica l  educat ion a c t i v i t i e s  r e l a t e d  to  the  major  courses in which they
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were e n r o l l e d  dur in g  the  per iod  o f  t e s t i n g .  A i l  s u b jec ts  were v o lu n te e rs  
ranging in age from e igh teen  to t w e n t y - f i v e  y e a r s ,  and were c l a s s i f i e d  
" q u a l i f i e d  f o r  r e g u la r  phy s ic a l  educa t ion"  by Louis iana  S t a t e  U n i v e r s i t y ' s  
Student  H e a l th  S e rv ic e .
H e ig h t ,  w e ig h t ,  chest  w id t h ,  and p e l v i c  w id th  o f  each su b jec t  
were measured. These were u t i l i z e d  to  compute ponderal ind ices  o f  the  
s u b je c ts ,  and to  c l a s s i f y  them in to  normal w e ig h t ,  underweight ,  and 
overw eight  groups. The s t r e n g t h  o f  the  legs was measured w i t h  an Is o -  
Scale  to  o b ta in  leg s t re n g th  scores o f  the  s u b je c ts .  A c a r d io v a s c u la r  
e f f i c i e n c y  t e s t  f o r  g i r l s  and women was u t i l i z e d .  The number o f  
seconds the  sub jec ts  could perform the s t o o l - s t e p p i n g  invo lved  in the  
t e s t  and t h e i r  recovery  pu lse  were converted by formula to c a r d i o ­
va s c u la r  e f f i c i e n c y  scores o f  the s u b je c ts .  S u b je c ts  were te s te d  on 
two sep ara te  days due to  the t ime re q u i re d  to  take  the t e s t s .  The 
data  were gathered dur ing  the spr ing  semester o f  the  school year  1963“ 
1964 a t  Lou is iana  S t a t e  U n i v e r s i t y .
S t a t i s t i c a l  computations were c a l c u l a t e d  in the la b o ra to ry  o f  
the  Lou is iana  S t a t e  U n i v e r s i t y  Computer Research Center .  The data  
were ana lyzed  to  determ ine  the  r e l a t i o n s h i p  between c a r d io v a s c u la r  
e f f i c i e n c y  and leg s t r e n g t h ,  and ponderal index f o r  the t o t a l  group 
o f  s u b je c ts .  C o e f f i c i e n t s  o f  c o r r e l a t i o n  were a ls o  computed between 
c a r d io v a s c u la r  e f f i c i e n c y  and w e ight  as w e l l  as h e ig h t  f o r  each o f  the  
normal w e ig h t ,  underweight ,  and overw eight  groups. C o e f f i c i e n t s  o f  
c o r r e l a t i o n  were a ls o  computed between c a r d io v a s c u la r  e f f i c i e n c y  and 
leg s t r e n g th  f o r  each o f  the  th re e  w e ight  groups. A n a ly s is  o f  v a r ia n c e  
was u t i l i z e d  in t r e a t i n g  the  data  to  determ ine  i f  t h e r e  were s i g n i f i c a n t
d i f f e r e n c e s  in leg s t re n g th  between sub jec ts  who completed the t h r e e -  
minute  step t e s t  and those who d id  no t .  A n a ly s is  o f  v a r ia n c e  was a ls o  
u t i l i z e d  to determ ine  i f  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  in c a r d i o ­
va s c u la r  e f f i c i e n c y  among the th re e  w e ight  groups. A n a ly s is  o f  v a r ia n c e  
was a ls o  u t i l i z e d  to  determine  i f  th e r e  were s i g n i f i c a n t  d i f f e r e n c e s  
in leg s t re n g th  among the th r e e  w e ight  groups. Regression was used 
to demonstrate  the  r e l a t i o n s h i p  o f  c a r d io v a s c u la r  e f f i c i e n c y  c l a s s i f i ­
c a t io n s  to  t h e i r  ponderal index c l a s s i f i c a t i o n s .
I I . FINDINGS
The f o l l o w in g  f in d in g s  were o b ta in ed  in t h i s  study:
1. A p o s i t i v e  c o r r e l a t i o n  was found between leg s t re n g th
and c a r d io v a s c u la r  e f f i c i e n c y  f o r  the  t o t a l  group 
o f  sub jec ts  as measured in t h i s  s tudy.  When the  sub jec ts  
were d iv id e d  in to  normal w e ig h t ,  underweight ,  and overweight  
groups, however,  the  c o r r e l a t i o n  between c a r d io v a s c u la r  
e f f i c i e n c y  and leg s t r e n g t h  was found to  be s i g n i f i c a n t  
f o r  the  normal w e ight  group o n ly .
2. The c o r r e l a t i o n  between c a r d io v a s c u la r  e f f i c i e n c y ,  as measured
in t h i s  s tudy,  and ponderal index was found to  be s i g n i f i ­
c a n t .
3.  The c o r r e l a t i o n  between c a r d io v a s c u la r  e f f i c i e n c y  and weight
f o r  the  normal w e ight  group was - . 4 0 3 ,  and f o r  the  o v e r ­
w eight  group was - . 4 7 8 .  A s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  
was found between c a r d io v a s c u la r  e f f i c i e n c y  and weight  f o r  
the normal w e ight  group. The n e g a t iv e  c o r r e l a t i o n  f o r  the
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overweight  group o b v ious ly  would have been more s i g n i f i c a n t  
had the  number o f  sub jec ts  in the group been la r g e r .  No 
r e l a t i o n s h i p  was found between c a r d io v a s c u la r  e f f i c i e n c y  
and weight  f o r  the underweight group; the c o r r e l a t i o n  was 
- . 0 1 8 .
4.  No r e l a t i o n s h i p  was found between c a r d io v a s c u la r  e f f i c i e n c y
and h e igh t  f o r  any o f  the t h r e e  weight  groups.
5.  No s i g n i f i c a n t  d i f f e r e n c e s  in c a r d io v a s c u la r  e f f i c i e n c y  were
found between the normal weight  and underweight groups.  
S i g n i f i c a n t  d i f f e r e n c e s  were found in c a r d io v a s c u la r  
e f f i c i e n c y  between the  overweight  group and the  combina­
t io n  o f  normal w e ight  and underweight  groups.
6 .  No s i g n i f i c a n t  d i f f e r e n c e s  were found in leg s t r e n g th  among
the th re e  weight  groups.
7. S i g n i f i c a n t  d i f f e r e n c e s  were found in leg s t re n g th  between
sub jec ts  who completed the th r e e -m in u te  s tep  t e s t  and those  
who d i d n o t .
8. The r e la t io n s h ip  o f  card iovascular  e f f i c ie n c y  c la s s i f i c a t io n s
to  ponderal  Index c l a s s i f i c a t i o n s  was found to  be both  
l i n e a r  and q u a d r a t i c .  The increase in ponderal index  
r e s u l te d  in b e t t e r  c a r d io v a s c u la r  e f f i c i e n c y  r a t i n g s .  A 
s l i g h t  drop in ponderal  index was found in the group w i th  
the  h ighes t  c a r d io v a s c u la r  e f f i c i e n c y  c l a s s i f i c a t i o n .
I I I .  CONCLUSIONS
Based on the  f in d in g s  o f  t h i s  s tudy ,  the  fo l lo w in g  conclusions
k l
were drawn:
1. Body b u i ld  and o th e r  f a c t o r s  a r e  more im por tan t ,  from a
c a r d io v a s c u la r  e f f i c i e n c y  p o in t  of  v iew,  than the  s t ren g th  
o f  the legs .  C ard iovascu la r  e f f i c i e n c y ,  however,  is r e l a t e d  
p o s i t i v e l y  to  leg s t r e n g th  f o r  normal weight  women.
2. C a rd io v a s c u la r  e f f i c i e n c y  is in v e r s e ly  r e l a t e d  to  excess
w e ig h t .  The more the  person approximates normal weight  
or  underweight  to  a c e r t a i n  p o i n t ,  the b e t t e r  c a r d io v a s c u la r  
e f f i c i e n c y  w i l l  be. Being overw e ight  has a n eg a t ive  
e f f e c t  on c a r d io v a s c u la r  e f f i c i e n c y .
3.  The s t re n g th  o f  the  legs in f luenc es  the  performance on the
C ard iov ascu la r  E f f i c i e n c y  T es t  f o r  G i r l s  and Women. 
k .  C a rd io v ascu la r  e f f i c i e n c y  is r e l a t e d  s i g n i f i c a n t l y  to
ponderal index. Th is  r e l a t i o n s h i p  is not as s i g n i f i c a n t  
w i t h  women who possess a high degree o f  c a r d io v a s c u la r  
e f f i c i e n c y  as i t  is w i t h  those who reac t  to  e x e r c is e  less  
e f f i c i e n t l y .  Other f a c t o r s  a p p a r e n t ly  o p e ra te  to  produce 
a high degree o f  c a r d io v a s c u la r  e f f i c i e n c y . 1
5. Card iov ascu la r  e f f i c i e n c y  is not r e l a t e d  to  h e ig h t .
v*\
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